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THE BACTERIOLOGY OF CHRONIC NONTUBERCULOUS LUNG 
DISEASE 


By Horace GRreevey, M.D., aNp Mar BRERETON, BROOKLYN, N. Y. 


OMETIME ago, through the kindness of the medical superintendents of the 
Sea View Hospital and the Otisville Sanatorium (Dr. E. 8. McSweeney 
and Dr. W. L. Rathbun) specimens of sputum were obtained from all the per- 
sistently negative, as regards the presence of tubercle bacilli, cases then in these 
institutions. To these were added a few cases under the care of various physi- 
cians in the city, and we then proceeded in an attempt to work out their bac- 
teriology. It is thought that the findings are of sufficient interest to justify the 

present article. 
A short summary of the histories and lung conditions of the persons from 


whom the specimens came is given in a table, presented herewith. 
CULTURE MEDIUM USED 


Knowing that an attempt to isolate, on ordinary media, all the morpholog- 
ically different forms from so many specimens would in all probability, swamp 
one with work, it was determined to try what could be done with selective 
media. As, in examining smears of sputum from such eases, yeast bodies and 
mycelium-like fragments had often been observed, it was resolved to try 
media of acid reaction, upon which it was known such forms could be grown. 

In order to obtain a standard medium which would act selectively, a series 
of twelve tubes, each containing 2 ¢.c. of neutral nutrient agar was prepared, 
and to each of these, while liquid, sterile 10 per cent laectie acid solution 
was added—lactie acid, if heated in solution with agar, destroys its solidify- 
ing power. The lactic acid was added in increasing strengths to the successive 
tubes of the series, and the set, slanted, was then inoculated with the sputum 
of a case (N.S.) showing many yeast-like bodies, and ineubated for 48 hours. 
At the end of this time it was found that tube 6, containing approximately 
0.3 per cent of lactic acid, represented the minimum strength of the latter which 
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could safely be relied upon to prevent growth of organisms requiring neutral 
or alkaline media, and which would also give a good growth of yeasts. 

In looking over the literature, preparatory to writing the present report, 
we ran across an article by MacDonald‘ which ealls attention to a recom- 
mendation of Duggar’s® that lactic acid be employed to isolate pure strains of 


fungi. Dugegar states that 0.5 per cent of lactie acid is sufficient to prevent 
t=] DD 


the growth of contaminating bacteria. MacDonald found that higher fungi, 
including actinomyces, sporothrices, and blastomycetes, were more than twice 
as resistant as the ordinary known bacteria, while Mucor mucedo and Asper- 
gillus flavus were decidedly tolerant, growing in media containing several 


per cent of lactie acid. 

It was also recently learned that manufacturers of commercial yeast first 
inoculate their medium with lactie acid bacilli which, after a period of ineu- 
bation, are killed off by heat before the yeast is planted. Such a proceeding 
has an effect similar to that produced by an addition of the acid, and is under- 
taken to prevent organisms, other than the yeast, from growing in the medium. 

Upon this 0.3 per cent lactie acid nutrient agar we planted smears of spu- 
tum from all the eases studied, and ineubated tubes from each case at both 
body and summer temperatures (70° to 80° F.) To simplify the presentation 
of the results obtained we shall give them in groups, corresponding to the 
organisms isolated. 

PENICILLIUM GLAUCUM GROUP 

The Penicillium glaucum is a most interesting organism. Besson* says 
that it is one of the commonest of moulds, and mentions that it is pathogenic 
for dogs, rabbits, and lambs. He also quotes reports that it had been found 
in several cases of middle ear inflammation. 

Roequefort cheese owes its peculiar qualities to this organism, to the 
spores of which the green lines in the cheese are due. 

Canio* reported the case of a man of thirty-one, who suffered a severe at- 
tack of what simulated pulmonary tuberculosis. Examination of the sputum 
disclosed no tuberele bacilli, but numerous elements which proved to be the 
Penicillium glaueum. He states that biologic tests and serum reactions con- 
firmed the supposed eausal relationship of the organism isolated, and that 
the mycosis was reproduced by injecting rabbits with the sputum of the ease. 

There are some other reports in the literature of infectious lung disease 
probably due to this organism, so far as one can judge from the partial de- 
scriptions given of the fungi isolated; and even one or two of the illustrations 
accompanying these reports are strongly suggestive of the Penicillium glaucum. 
However, as other names were applied to the organisms, we shall not quote the 
eases in this connection. 

Fourteen cases (Numbers, 2, 4, 8, 11, 12, 14, 15, 21, 22, 23, 24, 25, 26, 30) 
of those included in this report gave cultures proved to be of the Penicillium 
glaucum. 

SPUTUM APPEARANCES 

Examination of smears of the sputum of these fourteen cases showed many 

large and small coccoid bodies, some having the appearance of being encapsu- 
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lated; in nine instances, also many typical yeasts; and, in many, a few of what 
might be ealled large granular strepto-bacilli, or segmented mycelium, from 
which small coccoid bodies, joined in pairs, could frequently be found issuing. 
With the typical yeast forms, large, cone-shaped aggregations of what seemed 
to be branching yeasts were observed in several instances. Forms intermediate 
in appearance between yeasts and cocci were common. Some of the yeast bodies 
were oval and some spherical, and some showed the various internal markings 
frequent in these bodies. The sputum of case 8 (included as a control), besides 
the forms described also contained tubercle bacilli. In this connection we eall 
attention to observations of Sanfelice® to the effect that the lungs of tuberculous 
cattle constantly contain blastomyecetes and other fungi. Among the former he 
found species pathogenic to laboratory animals. Furthermore, he states, that ani- 
mals inoculated with these blastomyees, in addition to tubercle bacilli, died 
sooner than those inoculated with tubercle bacilli only; and that the lesions 
showed both organisms. 

In several of these fourteen cases (for instanee, Nos. 12 and 22) the 
original jar of sputum was left standing, at room temperature, for a few days, 
and another smear of the sediment then examined. At this time the organisms, 
originally of the size of ordinary microcoececi, were found to have enlarged to 
distinetly yeast size and appearance, without having lost any of their dye- 
taking qualities. Seven out of twelve of the jars containing the specimens of 
this group that were left standing, as above mentioned, developed, after 
about two weeks, a thick surface growth of the sporulating fungus. On two 
specimens the surface growth did not sporulate, and microscopically suggested 
large streptococci. On two others a creamy growth appeared, which proved 
to consist of yeast-like branchings. On one specimen no growth, whatever 
developed. 

CULTURES 


Plantings, from the sputa of the fourteen cases, on the lactic acid agar, 
incubated at 70° to 80° F., gave after forty-eight hours, opaque white colonies, 
which, upon microscopic examination, showed a pure culture of forms vary- 
ing from typical yeasts to beginning hypha formations. After 72 hours, spor- 
ulation became apparent, and, within the next twenty-four hours, the entire 
growth became dark green. Microscopie examination showed the Penicillium 
glaucum., 

Cultures upon the same media, planted at the same time as the above, 
but ineubated at body temperature, gave yeast forms, which, although some 
showed hypha-like branchings, did not develop to the conidia-producing fun- 
gus. Transplants of the cultures showing marked tendency to mycelium pro- 
duetion to solidified Loeffler’s serum, incubated at the same temperature, grew 
in the bacillus form. Transplants of the yeast forms to lactie acid agar or to 
acid sugar agar, incubated at 70° to 80° F., gave, in most instances, the conidia- 
producing fungus. It was noted that in several instances in which a yeast-form 
culture of this organism had been carried through several generations without 
mycelium production the form apparently became fixed so that we could not 
cause subsequent transplants to produce conidia. All the forms that became 
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aborted in this way showed appearances within the yeast-bodies and the oc- 
casional hypha produced similar to what have been denominated ascospores 
or endospores. 

Cultures of the Penicillium glaueum (grown on either the lactic acid agar, 
or on sugar agar, such as 2 per cent maltose agar) which had been incubated 
at 70° to 80° F. till the surface showed complete sporulation, as evidenced 
by the dark green conidia masses, were taken, and transplants made as follows: 

In 2 per cent maltose bouillon and incubated at 70° to 80° F. for 24 hours. 
From the second generation so grown transplants were made to Loeffler’s 
solidified serum, and incubated at body temperature for 24 hours. Plants 
on the latter medium, made from the conidia masses of the mother cultures 
were also made and incubated at the same temperature (98° F.). 

The bouillon cultures, at the end of 24 hours were diffusely clouded, and, 
microscopically, they showed coceo-bacillus forms only. The transplants to 
Loeffler showed a bright lemon-colored growth, of creamy consistency, of a 
small bacillus form. While this latter could be propagated indefinitely in 
the same form, we were unable to cause it to develop to the sporulating 
fungus. Plantings of conidia upon Loeffler did not grow at body temperature. 

Cultures of the Penicillium glaucum, after propagation as the sporulating 
form (at 70° to 80° F.) for some time, gradually lost their ability to readily 
grow in the small bacillus form, and it was noticed that the hyphe of cultures 
refractory in this way usually failed to show the central granules which, 
in other cultures, so frequently may be seen escaping from a broken hypha. 

Thus it seems demonstrated that a higher fungus may be grown in the 
form of a morphologically perfect bacillus, by definite procedures, and that 
this bacillus is so permanent that it might easily be classed, by one unfamiliar 
with its antecedents, with bacilli which our present knowledge leads us to be- 
lieve are as definite varieties of the earthly flora as any of the plants which 
claim the interest of the horticulturist. As previously recounted, this same 
fungus has a yeast form, which, however, is a morphological variation common 
among the higher fungi, as many authorities testify. 

The above described variations in the Penicillium glaucum are excellent 
illustrations of persistence of characteristics acquired in a single bacteriologic 
generation, which probably represents ten or a dozen in actual descent, assum- 
ing that each organism divides at the age of two hours and that the culture 
is incubated 20 to 24 hours. Although the principles of evolution demand that 
such changes should occur, and most students of biology and natural selection 
believe them to be the key to the varied flora and fauna of nature, yet many 
bacteriologists will hesitate to accept the above statements. 


CLINICAL CHARACTER OF CASES 
(See the accompanying table) 


One of the eases showing this organism, also had tubercle bacilli in the 
sputum (Case 8). The illness was said to have been of less than a year’s 
duration, but the physical signs of lung disease were the most extensive of all 
in this group. Two cases (4 and 11) were complicated with syphilis. 
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Tubereulin tests were performed in but two of the cases (2 and 12) and 
were reported as giving local-positive reactions. 

Excluding the case showing tubercle bacilli and the two syphilitic cases, 
and considering the eleven remaining, we are struck by the long duration of 
the malady and the slight amount of lung damage done. For instance, Cases 
21, 22, and 14 had had a duration of 16, 12, and 9 years, respectively, while the 
-orresponding lesions were described as ‘‘infiltration right apex’’ (Case 21), 
‘slight fibrosis upper lobe’’ (Case 22), ‘‘infiltration upper lobes’’ (Case 14). 
Cases described as ‘‘chronie bronchitis’’ and as ‘‘bronchial asthma’’ (Numbers 
24, 25, 26) were in persons aged, respectively, seventeen, thirty-six, and fifty, 
but had had a duration of from two to five years. Case 30 was of acute bron- 
chitis, which had lasted ten days. 

Case 23 was that of a little Syrian boy, of nine years, who died of his in- 
fection several months after we first examined his sputum. This latter was 
very watery and contained whitish flakes, a description which applies to most 
of the sputa of the cases reported in this paper. Smears made of this boy’s 
sputum, on every occasion upon which it was examined, during the course of 
his illness, showed numerous spherical yeast bodies, in ones and twos; many 
cocecoid forms; and others intermediate between these and yeasts; besides 
a few of the large streptobacillus-like growths which, we have stated, were 
probably mycelium fragments. Other bacterial forms present were pneumo- 
eoeci, and bacilli resembling Friedlander’s. 

This case, which the attending physician, on request, kindly brought for 
examination, showed evidence of but slight fibrosis of the upper lobes of the 
lungs, and some swelling of the glands of the neck. He coughed a good deal, 
showed but slight febrile reaction, little loss of weight, but a considerable 
amount of debility. Later, the attending physician reported that the boy grew 
progressively weaker, his neck glands slightly larger, and that he died from 
what is sometimes denominated asthenia, some two months later. No autopsy 
was obtainable. 

EFFECTS OF VACCINES 


In three of the cases, in Sea View Hospital, showing the Penicillium glau- 
eum in the sputum, Dr. E. S. MeSweeney very kindly tried autogenous vac- 
cines, that we prepared, containing about 3000 million of the yeast form of 
the fungus in each eubie centimeter. In one ease (R.G.) three injections, 8 
days apart, were given, of, respectively, 0.055, 0.10, 0.15 ¢.c. Each time a 
local reaction was elicited. Injections were stopped, in this case, as the pa- 
tient’s general condition was improving under the mercurial treatment given 
for syphilis, from which, as recorded, the patient was suffering. In another 
case (H.S.) that showing tubercle bacilli in the sputum—two injections of the 
vaccine were given, both followed by local reactions, and the second (of 
0.10 ee.) by a severe hemorrhage. The other case (M.C.) had eight doses, 
running from 0.055 to 0.4 ¢.c. over a period of two months. As the injections 
gave rise to marked loeal and general reactions (including rise of temperature 
and inereased cough and expectoration) the treatment was stopped. It should 
be noted that a marked reaction also took place in the enlarged axillary gland 
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of this patient. The chief interest of the experiment with vaccines was, of 
course, the reactions elicited, which may be regarded as confirming the spu- 
tum and culture findings. 

An apparently successful use of an autogenous vaccine in the treatment 
of one of the cases of this group was reported by the attending physician. 
Here a similar preparation was used and the patient, a houseworker, sixty- 
one years of age, who had suffered from chronic bronchitis for twelve years, 
was entirely rid of her symptoms (see Case 22—M.L., in table). 





PENICILLIUM GLAUCUM WITH MODIFIED SPORANGIUM 


In Case 31, examination of the sputum showed many organisms in the 
form of diplocoeei and diplobacilli. 

Lactie acid selective media, at 98° F., within 48 hours, gave a growth of 
yeasts. By the third day, cultures grown at 70° to 80° F. produced a brown 
sporulation. Microscopie examination showed a mycelium, with septate aerial 
hyphe, bearing sporangia which appeared to be divided into 4 to 12 compart- 
ments. This organism grew readily on the other media, including Raulin’s 
mentioned above, and under similar conditions. As with the preceding fungi, 
entirely bacillary forms could be developed. After about a year’s cultivation, 
this organism lost the form of sporangium described and produced the free 
rows of conidia typical of the Penicillium glaucum. 






CLINICAL CHARACTER OF THE CASE 





This case presented clinically, according to the attending physician, all 
the features of a severe acute bronchitis, in which the lung symptoms were 
so marked as to lead him to have the sputum examined in order to rule out 
tuberculosis. The case entirely recovered, within a few weeks, under the 
usual treatment. 
PATHOGENIC MUCORS 


Mucor Corymbifer.—Besson (previously quoted, page 677) says: ‘“‘It is 
pathogenie for rabbits. It has been found in man in the ear and in the phar- 
ynx (Siebenham, Huckel, and others). One case of generalized mucor mycosis 
in man, in which the symptoms were of a typhoid nature, was attributed to 
this parasite (Paltauf); and it would seem that the two eases of human my- 
cosis (pulmonary mucor mycosis) deseribed by Furbinger, and referred to 
above, should be attributed to this species rather than to mucor mucedo.” 

In eases 9 and 27 of the present series, the sputum, upon examination, 
showed a great many large coceus forms, a few yeast bodies in couples, and 
bacillus-like pieces of mycelium. On standing, at room temperature, for some 
days, a surface growth developed on the sputum, showing coal black sporula- 
tion. This proved to be the same fungus described in the following, isolated 
by means of the selective media. 

On the lactic acid medium there developed, in the first generation, in 
forty-eight hours at 70° to 80° F. (later, in replants, in 24 hours) a black 
sporulation, which, microscopically, had the appearance of that shown by the 
mucor corymbifer. On the same medium, at body temperature, distinct yeasts 
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were produced, which, however, were mixed with branchings of the mycelium, 
as this organism developed to sporulation at both temperatures, and on all 
medias tried, which included Loeffler, plain nutrient agar, and Raulin’s. Beady 
bacillus forms were developed by transplants and retransplants on Loeffler 
(incubated at body temperature) made before the sporulation stage had been 
reached. 

CLINICAL CHARACTER OF CASES 

Case 27 was a man of 60 years of age, weighing 186 pounds, a writer by 
profession. He had been treated for what his physician diagnosed as ‘‘bron- 
chial asthma’’ for sixteen years, and, recently, had lost some weight and had 
developed a most persistent and harassing cough. Besides the usual medica- 
ments, his physician used a vaccine, which we made of the organism isolated, 
but without result. He informed us that, although he had pushed the dosage, 
no reaction, whatever, could be obtained. Patient was sent to a sanatorium 
and, when heard from last had made slight improvement. 

In the other case showing the same organism (No. 9, B.S., Sea View Hos- 
pital) Dr. MeSweeney gave ten injections of a vaccine (autogenous in yeast 
form) over a period of two months, without other result than regularly recur- 
ring loeal reactions. 

ASPERGILLUS FUMIGATUS 


Besson (previously quoted, page 695) says of this fungus: ‘‘Laulanie has 
shown that Aspergillus fumigatus is capable of producing a condition of pseu- 
dotubereulosis when inoculated, experimentally, into animals. Cases of pseudo- 
tuberculosis, due to an aspergillus, have also been recorded by several observers 
as occurring in the human subject. Aspergillus fumigatus has been found in 
infeetions of the ear and nasopharynx, and in eases of keratitis with hypopyon 
following wounds of the eye caused by vegetable tissues. 

‘*Pigeon-crammers are very subject to aspergillary pseudotuberculosis. 
In pigeons there is often a ‘chancre’ on the buccal mucous membrane due 
to an aspergillus. The disease is also found in hair-combers who use flour of 
rve—which is often infected with spores of aspergillus—for removing the 
grease from hair. In human aspergillary pseudotuberculosis the fungus is 
often associated with the tubercle bacillus. Aspergillus fumigatus has also been 
found in the lesions of pneumomycosis in the horse and cow. Renon has found 


that by sowing millet seeds, vetch, oats, maize, wheat, and other varieties of 


corn on appropriate media, cultures of various species of aspergilli can be 
obtained, the commonest being aspergillus fumigatus.”’ 

The sputum of Case 28 showed many diplococei and large capsulated strepto- 
hacilli—the latter might be called fragments of mycelium. 

Upon the laetie acid selective media, yeast forms developed at body temper- 
ature; and the same went on to branchings and mycelium production, within 
72 hours, at 70° to 80° F. Good growth was obtained on Raulin’s medium. 
Bacillary forms were produced on Loeffler, incubated at body temperature, 


atter a few transplants. 
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CLINICAL CHARACTER OF CASE 
Clinically this case was reported to have all the characteristics of a 
chronic ‘‘lunger’’, and to have spent some time at Saranac Lake, previously, 
with more or less benefit. 
ABORTED FUNGI 


Sputum.—Examination of smears of the sputum of the remaining thirteen 
eases, of the series of thirty-one, gave results as follows: 

Cases 1, 7, 18, 20, coccoid forms, only. 

Cases 13, 29, coccoid and bacilloid forms. 

Cases 3, 5, 6, 10, 16, 17, 19, coceoid forms and yeasts. 

Cultures——Upon the lactie acid selective media, under the conditions de- 
scribed in the foregoing, plants made from the sputa of eleven of these thir- 
teen cases developed yeast bodies. Cultures from Cases 1 and 3 (on this 
media) did not grow, although many yeasts were present in the sputum of 
Case 3. Upon alkaline or neutral nutrient agar, cultures from the two last 
mentioned cases showed beady bacilli and many oval, non-stain-taking forms. 

All of the yeasts (in the eleven cultures showing these bodies) showed a 
tendency to the production of mycelium, as many ground-hyphe were pro- 
duced, but none developed aerial hyphz or terminal spores. Upon Loeffler, 
at 98° F., all the yeast cultures, except those from Cases 5 and 10, readily 
developed a bacillus form—this, evidently, being simply the continued propa- 
gation of the hyphe, with slight modifications caused by the conditions, and 
in the course of which the filaments became more slender and tended to break 
up at the septa. 

Cultures from cases 5 and 10, both showing many yeast forms in the 
sputum, held very persistently to this form, showing only an occasional hypha, 
during more than a year of cultivation. A mycelium-producing, or bacillus, 
form was finally developed by repeated transplants on 2 per cent maltose 
agar, incubated at 70° to 80° F., until a feathery edge was observed on the 
outer edge of the colony masses. This feathery edge was found to consist en- 
tirely of mycelium. Careful transplants were made, so as to avoid earrying 
over any yeast forms, to Loeffler, and incubated at body temperature, with the 
result desired—cultures showing only filaments, which tended more and more 
to break up into the bacillus form, finally becoming typical bacilli. 

No culture from the cases included under this heading developed into a 
definite higher fungus, although some showed long streptothrix-like branch- 
ings which, in two instances, showed what might be called terminal buds or 





spore-pods. 

In Case 10 (Sea View Hospital) Dr. McSweeney tried an autogenous 
vaccine, in the yeast form, giving twelve small doses over a period of three 
months. No result, beyond a regularly recurring local reaction, followed. 


CONCLUSIONS 
1. Various higher fungi may be cultivated from the sputa of chronic 


nontubereulous, and probably from many eases of tuberculous lung disease. 
This is most easily done through the use of selective media. 
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2. Evidence is adduced that such organisms are extremely numerous in 
such sputas, and that they probably are potent in the disease process, acting 
alone in some eases, and in cooperation with the tubercle bacillus in a few 
otners. 

3. As of assistance in the eventual complete identification and classifica- 
tion of the organisms to be found in sputa, it is thought that important evi- 
dence has been adduced of the extreme pleomorphism of certain fungi, prob- 
ably common therein under forms morphologically representing yeasts, cocci, 
and baeilli. 
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ON THE PREPARATION OF METAL SALTS OF THIOGLYCOLLIC 
ACID* 


By C. N. Myers, Pu.D., Wasuineton, D. C. 


DESIRE to study the relative toxicity of heavy metals, when combined 

with a common ion, and the effect of these compounds upon parasites, 
suggested the preparation of an extensive series of heavy metal salts suitable 
for a biological investigation under uniform conditions. 

The widespread occurrence of diseases caused by parasites, in animals 
and in man, has led to numerous efforts to improve the treatment of these 
diseases through the preparation of chemical compounds which can be admin- 
istered safely and effectively. In order to meet the demands of this parasitic 
invasion, a definite knowledge of the chemotherapeutie agents at our disposal 
must be obtained. A knowledge of the difficulty of curing cases, in the incipi- 
ent as well as in the later stages of development, makes it necessary to pro- 
duce chemotherapeutic agents which are potentially powerful enough to de- 
stroy the parasites initially, and later in the reproductive cycle. Furthermore, 
the drug must show marked efficiency in sterilizing the tissues which have 
undergone this parasitic invasion. 

In order to replace any of the substances now employed for this purpose, 
a drug must show a marked superiority in adaptability for administration, 
either intravenously or subeutaneously. The solubility of the drug in the 
presence of the body fluids, and the tendency toward decomposition are two 
other chemical factors necessary to observe in the preparation of the com- 
pound to be used for this purpose. The fact that the free acid salts of 
thioglyeollie acid are quite insoluble in water renders it impracticable to use 
this combination. To obviate this difficulty the sodium salt was used in the 
study upon animals. The study of arsenicals and antimonials, and various 
dyestuffs, has been of the greatest importance; the work of Ehrlich, his co- 


*From the Hygienic Laboratory, Washington, D. C. 
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workers and contemporaries, is so well known that it needs only passing ref- 
erence in respect to this study of heavy metals. In this paper will be found 
the methods of preparation used by the author in making the heavy metal 
The main desire was to obtain compounds of sim- 
Controversies over con- 






salts of thioglyecollie acid. 
ple combination and of a high degree of purity. 
stitution and complex formations are only of passing interest in this connec- 
tion. The following characteristics determined the choice of this acid: first, 
it is a comparatively strong acid; secondly, it very easily forms salts with 
heavy metals; thirdly, the anion is practically inactive physiologically, thus 
giving a total effect due entirely to the heavy metal; lastly, it gives a sodium 









salt readily soluble in water. 








HISTORICAL 


Carius (1862) investigated the action of the alkali sulphides upon mon- 
ochloracetie acid, and in this investigation succeeded in producing thioglycollic 
acid. He believed that concentrated solutions of the two compounds were 
necessary, but one must remember that the effects of mass law and dilution 
Likewise the theory of ionie and molec- 
Carius recommended the use of three 







were searcely thought of at this time. 






ular activity was not yet conceived. 
parts of monochloracetie acid and five parts of a very concentrated solution 
of potassium sulphhydrate. The mixture was heated to boiling, on an oil bath, 
and allowed to remain at this temperature 3 to 4 hours. The acid was precip- 
itated as the barium salt, and later obtained by decomposing this salt with 









hydrochlorie acid. 

Claesson (1877) described the method generally in use at present for 
preparing this acid. He first pointed out the fact that salts of three different 
types could be formed and, furthermore, showed that complexes of these 
The constitution of these complexes has been 
Claesson here comprehended the re- 








types could likewise exist. 
the source of considerable controversy. 
lation of mass law to the yield, but did not realize it until his later work 
with Carlson, which showed definitely how hydrolysis, mass law, and dilu- 
Claesson and Carl- 







tion worked together to give almost quantitative results. 
son (1906) found that it required only 8 to 10 minutes to reach equilibrium. 
The fact which is important is so to regulate the masses of salts and their 







solvents that the un-ionized molecules can react with the greatest efficiency. 

In this connection we have an excellent analogy in the quantitative stud- 
ies of Acree (1906) and his collaborators in which they studied the reactions 
of ions and molecules at constant temperature with sulphur containing com- 
Reactions of the following nature show these facts: 








pounds. 






ROOCCH,CI1 + NaSH = ROOCCH.SH + NACI 
CH,Cl+ NaS urazole=CH,S urazole + NaCl 








C.H,N,OS + IC,H, > C.H,N,OSC,H, +I 
C.H,N,OSNa + IC,H, > C.H,N,OSC,H, + Nal 






In the above case it was shown that the value for Ki = 0.435, and Km = 
0.170. In other words the ionized sodium 1 phenyl-3-thiourazole reacts 2.5 
times as rapidly as the undissociated part. These facts are obtained from the 
well-known equations for reaction velocities used in the Organic Laboratory 
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Johns Hopkins University. These same facts hold true in the ease of 
nitriles catalyzed by sodium, potassium, and lithium ethylates in alcoholic 


solutions as: 


I. RCN + C,H,OH + MOC,H, = RC (: NH)OC,H, + MOC,H, + C,H, OH 
II. RCOOCH, + NaOC,H, + ¢. HH ,OH in excess > RCOOC,H, +Na0C H,+C,H,OH in excess 


— RCOOC,H, - | Nz 20C, H, + CH,0OH 


lil. C,H,C(:NH,)0C,H, + H,O > C,H,COOC,H, + NH, 


We are beginning to realize the importance of the true mechanism of 
chemical reactions and are preparing our compounds accordingly. The tran- 
sition of thioglycollie acid into thiodiglyeollie acid is a most striking illus- 
tration of this point. 

Liebermann and Lange (1881) in studying the constitution of the phenyl- 
sulphydantoins, prepared the lead salt of thioglyeollie acid, but their analyses 
did not prove the existence of a pure lead salt of the composition (C,H,SO.), 
Pb. 

Ramberg (1906) studied the constitution of the antimony salt, which seems 
to be the best worked out of any of. the thioglyecollates. There is an almost 
uniform agreement that it is a lactone form. The work in this laboratory con- 
firms this point of view. 

Biilmann (1905), in studying the xanthogenie acids, found a method of 
saponifying them with ammonia, with the formation of thioglyeollic acid. 
The method employed by Biilmann consisted essentially in earrying out the 
reaction according to the following equations: 


C,H,OCSSK + CICH,COOK — C,H,OCSSCH,COOK + KCl 
C, H, OCSSCH, COOH + 2NH, —C .H, OC SNH, + HSCH,COONH, 


Eighty grams of potassium xanthogenate (one-half molecule) were dis- 
solved in one hundred grams of water, and twenty-eight grams of sodium 
carbonate were added. A neutral solution of monochloracetie acid was pre- 
pared by dissolving forty-seven and a half grams of the acid in 200 grams of 
eold water and neutralizing with potassium hydroxide. The two solutions 
were put together and allowed to stand overnight at ordinary temperature. 
The mixture was acidified with one hundred ecubie centimeters of thirty per 
cent hydrochloric acid. Xanthogeniacetic acid separated out as a heavy yellow 
oil, the yield being 93 per cent. Forty-five grams of the xanthogeniacetie acid 
are dissolved in a mixture of 40 ¢.c. of concentrated ammonia water and 200 
c.c. of absolute aleohol. The mixture is allowed to stand in a stoppered flask, 
at room temperature, for 48 hours. It is evaporated with aleohol and am- 
monia on a water-bath. The mixture is then acidified with hydrochlorie acid 
gas and the thioglycollie acid extracted with ether and purified in the usual 
manner. There is a yield of 70 per cent in this ease. The acid is determined, 
quantitatively, by determining the amount of iodine used in the condensation 
of thioglyeollie acid into thiodiglyeollie acid: 

SCH,COOH 


2HSCH,COOH + I, = 2HI + 
SCH,COOH 
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Biilmann also prepared other thioacids, both aromatic and aliphatic, by 
using this same principle. 

The cause of the formation of thiodiglycollic acid is found in the weakly 
acid character of the SH group in thioglyecollic acid, which group is partially 
converted into SK by alkaline solution of potassium sulphhydrate. 

For example: 


I. CH,CICOOK + KSH = CH,SHCOOK + KCl 
II. CH,SHCOOK + KSH = KOOCCH,SK + H, a») 
Ill. KOOCC H,SK + CICH,COOK — (KOOCCH, ).S + KCl 


In the production of a quantitative yield, the reaction should proceed as 


follows: 
3, CH, CICOOH + 2KSH — CH,SHCOOK + KCl + H,8S 
II. C H, »~CICOOH + KSH — C. .CICOOK + HS 
Cc H, CICOOK + KSH —- C ‘H, SHCOOK + KCl 


In either case the yield is good, if the reacting substances are kept within 
these proportions. The acid may first be neutralized, and then treated with 
1 molecule KSH or with 2 molecules KSH as in equation I. 

Claesson and Carlson (1906) studied the replacement of Cl by SH in the 
ease of monochloracetie acid and found the following interesting values, which 
in turn show the direct application of mass law and dilutions: 


CICH,COOH HSCH,COOH Yield in 
in parts KSH grams formed per cent 
of water 

50 per cent <.51 g. 

50 per cent : 

50 per cent 

30 per cent 

20 per cent 

6 10 per cent 85 


i 
45 


From this table the increase in yield is very marked in the dilute solutions. 
In work carried out in connection with this investigation, a yield of 90 per 
cent was the best that was obtained. This table is of importance in that it 
shows very clearly how we may secure the best yield of acid. 

By examination of the formula for thioglyeollie acid it will readily be 
seen that we are dealing with a dibasie acid containing a weakly acid group, 
RSH, and a stronger carboxylic acid, RCOOH. 

HSCH,COOH Free acid 
I. MSCH,COOH Salts of the weaker acid 
IT. HSCH,COOM Salts of the stronger acid 
Ill. MSCH,COOM Salts of both acid groups 

Thus it is easily seen that there may be a large series of compounds formed 
depending largely upon the method of preparation. In this investigation 
the preparations from the heavy metals have been essentially that of Type 
I, while the alkali metal replaced the hydrogen ion of the carboxylic group. 

Properties of thioglycollic acid (mereapto-acetie acid, monosulphoacetic 
acid). It is a viseous fluid with a specific gravity at 20° C. of 1.3253. It is 
purified by vacuum distillation, and the following data are given by Biilmann 
for distillation: 123° C. 29 mm. pressure; 107-8° C. at 16 mm. pressure; 115° 
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C. at first, then 103-5° C. at 14 mm. pressure. In 100 per cent thioglycollie acid 
the following transformation takes place very easily. 


CH, 


HSCH,COOH S ual +H,O 
“ ==() 

feat easily transforms it into thiodiglycollie acid, which is a solid of unpleas- 
ent odor. Thioglycollic acid has an odor very similar to that characteristic of 
the skunk. It is soluble in water, aleohol and ether. A description of the 
ther properties and the salts is found in Beilstein (1893). 

Ostwald, in his work on conductivity, found the value of K to be 0.0225 
for thioglyeollie acid. Claesson and Carlson (1906) give the following values 
for conductivity data: 


V m™ o K 
10 20.27 0.0527 0.0293 
50 43.70 0.1138 0.0288 
100 60.29 0.1570 0.0292 
500 120.84 0.3147 0.0289 
1000 158.78 0.4135 0.0291 
2500 217.27 0.5658 0.0295 

K — 0.0291 
sta = 384 


This table shows that we are dealing with an acid that, in N/2500 solution, 
is only about 56 per cent dissociated. Since this is the ease, about 44 per cent 
remains molecular, and it is of interest, physically, to observe that we have 
here a reaction in which molecules and ions both take part, in order to give 
us a quantitative yield. 

Various methods of preparing the metallic compounds have been sug- 
gested. In brief, it can be stated that the chloride or the oxide is generally 
used. However, a deviation from this procedure has been necessary, and ad- 
visable, in preparing salts of the rare elements, in many eases where hydrol- 
ysis or decomposition takes place readily. The mixed salts obtained by other 
investigators, as also any other salts, will be discussed briefly in this paper. 

It was found advisable to make the free acid in small lots. One hundred 
gram portions of monochloracetic acid were dissolved in 500 grams of dis- 
tilled water, and this was treated with the theoretical amount of potassium 
sulphhydrate, where two molecules of sulphhydrate are used with one of mono- 
A large flask was used for mixing, and this was kept 
After ten minutes, with frequent shaking, the contents 


chloracetie acid. 
under a good hood. 
were placed on a steam bath until the excess of hydrogen sulphide was 
volatilized. The solution was concentrated in vacuo. Barium chloride was 
added in excess, and the solution allowed to cool. Suecess in securing the 
barium salt was poor. However, by treating with HCl and extracting with ether, 
good yields of the free acid were obtained. The acid was placed over calcium 
chioride and then purified twice by vacuum distillation. Extraction is con- 
tinued until no further test for thioglycollic acid is obtained. The test em- 
ployed, consists in the use of a few eubie centimeters of the solution in ques- 
tion, diluted to 15 or 20 e.e. Add two drops of ferric chloride and then a drop 
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of ammonia; a deep, Burgundy red will indicate thioglycollie acid. Dithiogly- 
collie acid does not give this reaction. The pure product is kept in vacuum 
desiceators until used. The following metals were used in this investigation: 
antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, copper, gold, 
iron, lead, manganese, mercury, molybdenum, nickle, platinum, rubidium, 
silver, tellurium, thallium, tin, titanium, tungsten, uranium, vanadium and 
zine. These elements were obtained as pure as possible either in the form of 
the metal or of its soluble salts. 


BISMUTH—SODIUM THIOGLYCOLLATE 


Ten grams of fresh thioglycollic acid were exactly neutralized with sodium 
hydroxide, using phenolphthalein as an indicator. It is always necessary to 
dilute the free acid with water and then slowly neutralize with the alkali. Un- 
less these steps are taken, the heat liberated by the reaction will convert the 
acid into thiodiglyeollie acid. A slight pink color appears near the neutral 
point. The bismuth salt was prepared by treating bismuth suboxide with 
the sodium salt of thioglycollie acid. The suboxide was prepared by the 
method of Sehneider (1850). The suboxide was suspended in an alkaline 
solution and the solution of sodium thioglycollie acid added to it in the cold, 
for the reason that the bismuth salt would have a tendeney toward decompo- 
sition or oxidation of the suboxide. No perceptible reaction took place and, 
after a couple of hours, the mixture was heated to 90° C. on a water-bath with 
considerable shaking. The flask was removed and the shaking was con- 
tinued for one hour. A slight excess of sodium thioglycollate was added, 
and the excess of Bi,O, filtered off. A clear canary yellow solution remained. 
By cooling a sample of this solution in a freezing mixture, the crystalline 
sodium salt appeared. The free acid salt of bismuth was obtained by de- 
composition with hydrochloric acid. Considerable care should be used in 
this process, for the reason that the free acid salt is soluble in an excess 
of free mineral acid. The canary yellow precipitate is filtered off and dried 
in a vacuum desiceator, after washing it free of hydrochlorie acid. The dry 


acid salt retains its eanary yellow appearance even after long standing. The 
solution is easily changed by the action of light, with the formation of a 
dark precipitate which proved to be bismuth sulphide; exposure to air pro- 
duced the same result. These two facts prove that all solutions for thera- 


peutic purposes must be made up just before use. 

A second experiment was earried out by using the oxide usually found 
in commerce, Bi,O,. The procedure was the same as outlined above and the 
product was the same. A sample of each product was placed in a melting point 
tube, and it was found that softening took place at 107° C. in each ease. At 
158° melting took place, and continued heating caused decomposition. In 
the open air, the odor of burning sulphur was very noticeable when another 
test portion was heated to the decomposition point. 

A third experiment was tried by using an aqueous solution of thiogly- 
eollic acid and bismuth oxide. The reaction proceeded very slowly and after 
several hours it was impossible to separate the acid salt; the decomposition 
was considerable. There was no doubt of a reaction having taken place. 
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However, the medium was not satisfactory for the isolation of a stable salt 
and, in all probability, one of the complex salts was formed. Neither an 
alkaline, an acid, nor even a neutral medium seemed conducive to the forma- 
tion of a stable salt. 

Salts of this composition have been reported: Bi(SCH,.COOH),; Bi(SCH,. 
COO),Bi; Bi(SCH,.COOH),(HSCH,COOH), 5H,O; Bi(SCH,COOH), 6H,0O. 

Bismuth found, 43.11 per cent; caleulated from formula Bi(SCH,COOH),, 
43.44 per cent. 

COPPER—SODIUM THIOGLYCOLLATE 


Cuprous hydrate was prepared by acidifying cuprous chloride and _ pre- 
cipitating the yellow hydroxide by means of an excess of free fixed alkali. 
The exeess of alkali was removed by repeated decantation, thus preventing the 
oxidation of the cuprous salt by keeping it constantly under the surface of 
the liquid. The suspended hydroxide was agitated with an excess of sodium 
thioglyeollate solution. The reaction was quite rapid. The solution at first ap- 
peared canary yellow and, as the end point was reached, it became quite 
dark, indicating decomposition. More sodium thioglycollate was added and 
the yellow color reappeared. The solution was cooled in an ice mixture and 
the free acid salt was obtained by the addition of ten per cent sulphuric 
acid. Any other mineral acid causes decomposition. The moist free acid 
salt is yellow in appearance and decomposes upon standing in the open. The 
exeess of sulphuric acid is removed by washing with water containing free 
thioglyeollie acid. The salt is dried in vacuum. Alcohol cannot be used in 
this preparation as it hastens decomposition. The dry free acid salt becomes 
steel gray in appearance. The acid salt is not very soluble in water, however, 
the sodium salt dissolves quite readily but must be used almost immediately, 
on’ account of decomposition. The solution does not precipitate blood serum. 
Analyses showed that the salt contained 41.01 per cent Cu; caleulated from 
the formula CuSCH,COOH, 41.10 per cent. Sulphur ecaleulated 20.09; found 
19.95. 

RUBIDIUM—SODIUM THIOGLYCOLLATE 


Sodium thioglycollate in solution was treated with a ten per cent solution 
of rubidium earbonate. Carbon dioxide was evolved and the solution became 
pink in eolor. By the addition of aleohol and ether a precipitate separated. 
This was dried in vacuum. The solution used was pink, but upon long stand- 
ing it became a light yellow. The rubidium content was determined as the 
double chloride of platinum, PtRb,Cl,. Analyses showed that the salt con- 
tained 36.10 per cent Rb, caleulated from the formula RbSCH,COONa 2 H.O, 
36.49, 

SILVER—SODIUM THIOGLYCOLLATE 


The sodium salt of thioglycollate acid was treated with fresh silver oxide 
suspended in water. The first portion went into solution very readily and 
the solution became light yellow in appearance. With continued addition of 
the oxide, the solution became dark brown. The solution was filtered, to re- 
move any solid particles, and then eoncentrated under diminished pressure. 
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The sodium salt was precipitated as an amorphous powder by means of ab- 
solute aleohol. It has a yellow appearance which changes, on standing a 
long time, to a grayish brown. The salt is readily soluble in water, but in 
solution gradually decomposes with the formation of silver sulphide. Anal- 
yses showed that the salt contained 48.60 per cent Ag; calculated from the 
formula AgSCH,.COONa, 48.82. 


GOLD—SODIUM THIOGLYCOLLATE 


Two experiments were carried out in the preparation of the gold salt. In 
one case the hydroxide was used and in the other the sodium gold chloride. 
The latter gave the better results. The sodium salt of thioglycollie acid in 
water was treated with a suspension of gold hydroxide. The first portions 
went into solution very readily with no color change. In the next stage, 
addition of more hydroxide caused a deep purple color to appear in a perfectly 
clear solution. Further addition causes a dirty green precipitate to form, 
and a still further addition gives a yellowish brown precipitate. This yellow 
precipitate could not be gold hydroxide, for the reason that gold hydroxide 
is soluble in an excess of fixed alkali. This precipitate was soluble in mineral 
acids, and was reprecipitated with the addition of alkali; it had a tendency 
to turn dark purple upon standing in the sunlight. It could not be obtained 
in erystalline form. 

In the second preparation, sodium gold chloride was used. The sodium 
salt of thioglyecollie acid was treated with sodium gold chloride with the for- 
mation of a light yellow precipitate. An excess of sodium thioglycollate was 
always present. The precipitate was filtered off, washed with ether and dried 
in vacuum. It turned a light brown color when dried. The salt was amorphous 
and readily soluble in water, forming a clear yellow solution which was very 
stable. Analyses showed that the compound contained 59.78 per cent gold. A 
compound of the composition AuSCH,COONa (H,O) would contain 60.06 
per cent Au; sulphur ealeulated 9.74, found 9.98. The salt must be well 


powdered after drying, and then it is necessary to macerate it in order to 
Addition of physiologic salt solution causes the salt to de- 


hasten solution. 


compose, the solution becoming red, or almost similar to a colloidal gold 
solution. It is not advisable to use any chemicals to prevent the growth of 
molds as they likewise cause a decomposition. 


BERYLLIUM (GLUCINUM )—SODIUM THIOGLYCOLLATE 


Beryllium fluoride was warmed with hydrochlorie acid until all of the 
fluorine was driven off. The liquid was evaporated to a small volume and 
slowly added to a solution of sodium thioglycollate. As the solution became 
less alkaline it assumed a light cherry red color. Further addition of an 
alkali caused a slight precipitate. The solution was filtered and concentrated 
under diminished pressure. Absolute alcohol precipitated an amorphous 
solid which was dried in a vacuum desiceator. The fact that no erystalline 
compound was formed, seemed conclusive evidence that there was a union 
between beryllium and sulphur; for the hydroxide of beryllium is soluble 
in an exeess of fixed alkali, which would make it possible for sodium thio- 
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elyeollate and the dissolved hydroxide of beryllium to coexist, and sodium 
thioglycollate would crystallize out. However, analysis seemed to verify the 
chemical combination, as well as the failure of a erystalline compound to form. 
Analysis showed that the salt contained 7.10 per cent Be; calculated from the 
formula BeSCH,COONa, 7.45. 







CADMIUM—SODIUM THIOGLYCOLLATE 






readily dissolved the 






The sodium salt of thioglyeollic acid in solution 
hydroxide of cadmium with the formation of a clear yellow solution. The 
sodium salt of thioglycollic acid was kept in excess. The free heavy metal salt 
was obtained by precipitation with dilute hydrochloric acid. The free acid 
sult (Cd(SCH,COOH),) is a erystalline compound, as shown by microscopic 
examination. The sodium heavy metal salt was obtained by concentrating 
the filtered yellow liquid under diminished pressure and precipitating with 
absolute aleohol. The alcoholic precipitate was a heavy oil which formed 
at the bottom of the separatory funnel. At 60° C. it remained viscous, but 
upon cooling a white crystalline sodium salt separated out. It was easily 
washed and then dried in vacuum. The compound is preserved very well in 
a vacuum desiccator but turns a little dark after long standing in the atmos- 
phere. Upon further analy$is and examination it was found that the proba- 
ble formula for this salt was Cd(SCH,COONa).4H,O. Analyses showed that 
the salt contained 27.79 per cent Cd; caleulated from the formula Cd(SCH.,- 
COONa), 4H.O, 27.37. The salts reported by Rosenheim (1904) are Cd(SCH, 
COO),.Cd; Cd(SCH,COONa), 3NaCl 6 H,O; Cd(SCH,COO),Ba 18 H,O. The 












solution of cadmium is very stable over long periods. S found 15.84, caleu- 
lated 15.62. 
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MERCURY—SODIU M 






Freshly prepared mercurous oxide is allowed to act upon a solution of sodium 
thioglycollate. The action is quite rapid, ten to fifteen minutes being neces- 
sary to complete the change. The first addition of suspended oxide gives a 
clear solution. Further addition causes a grayish white precipitate to sepa- 
rate out. The free acid salt is obtained by using a large excess of mineral 
acid. It is a needle-like formation.. The sodium mercury salt is a crystalline 
compound obtained by precipitation with absolute aleohol. It is very soluble 









and very stable, except upon exposure to strong sunlight. Analyses of the 
free acid showed the salt to contain 52.59 per cent of mereury. <A formula 
of the constitution Hg(SCH,COOH), requires 52.41 per cent. The solution is 
very stable but cannot be made up with physiologic salt solution. Claesson 
(1877) reports several mereury salts, one of which is the same as mentioned 
above. Other salts reported are Hg(QOCCH,.S),Hg. Ag,(QOCCH,S) Hg, and 


complexes with no other metals. 










THALLIUM—SODIUM THIOGLYCOLLATE 









Sodium thioglycollie acid is treated with thallie chloride with the forma- 
tion of a light colored precipitate which finally goes into solution. An excess 
otf thioglyeollie acid is present. The solution becomes only slightly warm and 
Absolute alcohol precipi- 









then it is concentrated under diminished pressure. 
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tates a fine needle-like compound, readily soluble in water to a perfectly clear 
solution, and very stable. The free acid salt decomposes into a brown amor- 
phous powder. The sodium salt is more stable. Analyses showed the free acid 
to contain 43.17 per cent of thallium; caleulated from the formula T1(SCH, 
COOH),, it gives 42.74. 

TITANIUM 


The easy formation of orthotitanic and metatitanic acids renders the use of 
titanium rather difficult to work with. The fact that all titanium salts break 
down into one acid or another through hydrolysis, led to the selection of the 
sulphate in the attempt to prepare the thioglycollic acid salt. As in the ease 
of tellurium, a dark precipitate was formed when the titanium salt was mixed 
with sodium thioglycollate. Ammonium sulphide produces orthotitanie acid 
in the cold and meta acid in the hot. From this fact it was concluded that 
the precipitate must be a combination of thioglyeollie acid and titanium. When 
heated it gave the odor of sulphur, but upon treatment with acid it was impos- 
sible to obtain a qualitative test for thioglycollic acid. The salt was insoluble 
in acids and alkalies and consequently it was unsatisfactory for biological pur- 
poses. For this reason no further study was made of this preparation. 


CERIUM—SODIUM THIOGLYCOLLATE 


The sodium salt of thioglyecollic acid in solution is treated with cerous 
hydroxide Ce(CH),. The solution is concentrated and the salt precipitated 


with aleohol and ether. It is washed with alcohol and ether, to shorten the 
period of drying as much as possible. The salt is then placed in a vacuum desic- 
eator and finally well dried. The acid salt is an amorphous, white compound ; 
while the sodium salt is crystalline. Cerium is determined as the oxide and 
as the oxalate. Analyses showed that the compound contained 29.53 and 29.59 
per cent cerium. <A formula which would correspond to this percentage com- 
position, is 
/SCH,COONa 
Ce—SCH,COONa 
\SCH,.COONa 


A compound of this constitution would require 29.26 per cent of cerium. 
Analyses showed it to contain 29.46 per cent. The solution keeps well for a few 
days, but after that a floceculent white precipitate appears. No salt of this 
metal is reported. 

LEAD—SODIUM THIOGLYCOLLATE 


Freshly prepared lead hydroxide and sodium thioglycollate in solution were 
agitated in a closed flask. The first addition of lead hydroxide went into solu- 
tion readily. After a short while the clear yellow solution began to solidify 
and became about the consistency of gelatin. This was very soluble in strong 
sodium hydroxide, and gave a clear solution which was precipitated by abso- 
lute aleohol. By dissolving this precipitate in water and adding a little alcohol, 
needle-like, shining, white crystals separated out. In the presence of moisture 
considerable difficulty was experienced on account of decomposition. A pure 
preduect was obtained in the end which proved to be a simple lead sodium salt. 





METAL SALTS OF THIOGLYCOLLIC ACID 69 


The fact that lead hydroxide is soluble in excess of fixed alkali, forming the 
plumbate, makes it necessary to be cautious about adding too much hydroxide of 
lead. Lead sulphide is easily formed, and it may be said that the lead prepara- 
tion is one of the most difficult to make. An excess of sodium thioglycollate is 
present. Analyses showed that the lead salt was probably the straight sub- 
stitution product with two molecules of water of erystallization, Pb(SCH, 
COONa), 2H,0. Lead found, 45.50 per cent; calculated, 45.87. Salts reported 
are: Pb(SCH,COO).Pb and Pb(SCH,COO), 2PbNa, 2H.,O. The solution is 
very unsatisfactory for biological purposes. 
VANADIUM—SODIUM THIOGLYCOLLATE 

Sodium thioglycollate was treated with vanadie acid in large excess and 
the mixture warmed on a water-bath with occasional shaking for several hours 
2 to 4). The medium was slightly alkaline, and the reaction was slow. At 
first the liquid was bluish, but upon further digestion it became green. The solu- 
tion was filtered, to remove any excess of, or undigested, vanadie acid; it was 
again filtered and concentrated under diminished pressure. A blue, crystalline, 
sodium salt was obtained which was very stable. The solution is very satisfactory. 
Analyses showed that the compound contained 21.37 per cent V; caleulated 
from the formula V,(SCH,COON), 2H,O, 22.0. 


ARSENIC—SODIUM THIOGLYCOLLATE 


Arsenious acid is added to a dilute solution of sodium thioglycollate and 
allowed to digest at about 40° C. for one day. The solution is filtered, coneen- 
trated under diminished pressure, and precipitated with absolute alcohol and 
ether. 

Arsenious chloride is used with free thioglycollie acid dissolved in water 
and the resulting solution is just neutralized with a solution of sodium carbonate. 
Sodium chloride is removed in the manner described under antimony. The re- 


sulting products in these two experiments were the same, as shown by their 
erystal formation under the microscope. The microscope was found very ser- 
viceable in examining the erystalline salts in this investigation; as it was 
thereby quite easy to detect impurities. Analyses showed that this compound 
contained 17.20 per cent As; caleulated from the formula As(SCH,COONa), 
H,O, 17.34. 


ANTIMONY—SODIUM THIOGLYCOLLATE 


The antimony salt was prepared by treating antimony chloride with a so- 
lution of sodium thioglycollate. The solution was filtered and concentrated 
under diminished pressure until the sodium chloride separated out and, by mi- 
eroscopiec examination, the complete separation was determined. The clear 
syrupy mixture was now treated with absolute alcohol, giving the compound 

/SCH,COONa 
Sb 
\SCH,COO 
Free thioglycollie acid was dissolved in water and treated with antimony oxide, 
by warming the solution on the water-bath. After standing for twenty-four 
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hours, the solution was filtered and treated with sodium carbonate, concentrated 
under diminished pressure, and precipitated with absolute alcohol and ether. 
It is found that in this ease aleohol and ether give better results. Analyses showed 
that this compound contained 36.80 per cent Sb; calculated from the formula 
J SCH,COONa 
Sb , 37.17 Sb 
\.SCH,COO 
——EE———— 


CHROMIUM 


All attempts to prepare the chromium salt failed. Chromium chloride was 
treated with the sodium salt of thioglycollie acid with the formation of chromium 
The hydroxide was used with no perceptible action even after 
several days. Chromium oxide was then tried with similar results. The final 
attempt was made with chromium sulphate, which likewise failed. That no 
one may be misled in his efforts, it should be stated that the author makes no 
claim that this salt cannot be prepared. Time was not available to make a 
detailed study of the constitution of these preparations, or to prepare those 
which withstood the ordinary methods of preparation. 


hydroxide. 


MOLYBDENUM—SODIUM THIOGLYCOLLATE 


Sodium thioglycollie acid in solution is treated with molybdenum trioxide 
suspended in water. An immediate reaction takes place, with the formation 
of a steel-gray precipitate which is very soluble in water. The precipitate is 
filtered off, washed with ether and dried in vacuum. The salt dissolves very 
readily in a neutral solution, is crystalline and has a grayish appearance. The 
keeping qualities of the dark, reddish brown solution are very good. Molybdenum 
seems to enter into combination very easily and is in aceord with the thiomo- 
lybdate formation. Analyses showed this compound to contain 15.97 per cent 
Mo. Caleulated from the formula Mo(SCH,COONa), = 16.43. 


TELLURIUM 


Sodium tellurate was mixed with sodium thioglycollate with the formation 
The precipitate was filtered off and treated with fixed alkali, 


of a precipitate. 
In each case the compound showed no signs of solution. Quali- 


water and acid. 
tative tests showed that the precipitate was a sulphide of tellurium. 


TUNGSTEN—SODIUM THIOGLYCOLLATE 


Sodium thioglycollate was treated with a suspension of tungsten oxide and 
allowed to digest for two days. The solution had a green color and was con- 
eentrated under diminished pressure. Upon long standing, greenish yellow 
plates separated out; these were very soluble in water. The dry salt was yellow. 
Analysis showed 20.1 tungsten, and the caleulated value for the formula W(SCH, 
COONa), 2H.O would be 20.59. 


URANIUM—SODIUM THIOGLYCOLLATE 


Sodium thioglycollate was treated with a dilute solution of uranyl chlo- 


ride. A yellowish green solution was formed. The mixture was allowed to di- 
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gest for twenty-four hours, it was then filtered and concentrated under diminished 
pressure. Yellowish green crystals separated out, which were filtered and 
dried. The solution is very unstable, and the solid is readily soluble in water. 
The uranyl salt is unsatisfactory for biological purposes. Analysis showed it 
to contain 41.20 per cent U; calculated from the formula UO,(SCH,COONa), 
4H,O, 41.91. 









MANGANESE—SODIUM THIOGLYCOLLATE 






Manganous hydroxide was prepared and the white precipitate washed by 
decantation to prevent oxidation. The sodium salt of thioglycollic acid, dis- 
solved in water, is treated with successive additions of the suspended hydroxide. 
The reaction begins immediately and a pink solution is formed. However, there 
is a tendency toward oxidation, as indicated by the traces of brown coloration of 
the manganese hydroxide. By concentration under diminished pressure the 
manganese salt is crystallized out as prisms. Upon drying, this salt and making 
a solution, one notices a pinkish color indicative of a manganous salt. Upon 
standing, the solution turns a yellowish brown. A change in toxicity is noticed 
with this action. It was impossible to dry the salt in the air without decompo- 
sition; there was some change also in solution. It was concluded that the salt 
was in the manganous condition. Rosenheim (1904) reports a salt of the 











formula: 





SCH,7H,.O 
Mn< \ . Mn found 20.42; Mn ealeulated 20.28 
OOC 









NICKEL—SODIUM THIOGLYCOLLATE 






The suspended nickelous hydroxide is added in small portions to sodium 
thioglycollate in solution, which at first is pale green. The solution is concen- 
trated under diminished pressure and greenish brown prisms separate from 
the solute. The salt, when dissolved in water, has a dirty green color which 
completely disappears upon standing. Absolute alcohol precipitates the sodium 
salt. Mineral acids dissolve the salt with the formation of an almost colorless 
solution. The nickel salt gives a very poor solution for biological purposes. 
Analyses showed it to contain 16.70 per cent of nickel; calculated from the 
formula Ni(SCH,COONa), 4H.O, we obtain 16.53 per cent of nickel. This is 
in accordance with the investigations of Rosenheim (1904). 











COBALT—SODIUM THIOGLYCOLLATE 






Cobaltous hydroxide was prepared by precipitating the nitrate with potas- 





sium hydroxide: 












/ OH 
Co(NO,), + KOH = Co + KNO, 
\NO, 
/OH /OH 
Co + KOH = Co +KNO, 
\ NO, \ OH 









The blue basic salt was first formed and was heated to boiling to prevent the for- 
mation of the cobaltoso-cobaltie hydroxide, which is olive green, while the pure 
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cobaltous salt is pink. The precipitate is washed free of alkali and treated with 
a solution of sodium salt of thioglycollie acid. At first, there is a blue, then a pink, 
and, finally, a dark brown coloration appearing in the mixture. By gently warm- 
ing the mixture, the pink color returns. The solution is filtered and concentrated 
as previously described. Absolute aleohol and ether are used to precipitate the 
salt which is dried as usual. It is very soluble in water. It is a dark red, 
crystalline compound, the crystals having a columnar form under the micro- 
scope. The cobalt compounds which have been reported are: Co(SCH,COO),, 
and Co(SCH,COONa), 6H,O. The compound obtained corresponded with 
this last formula, but the tendency toward decomposition was very marked. 
A precipitate formed, when the substance was dissolved in water, which still 
seemed to be a thioglycollic acid compound, as indicated by heating the product 
and by solution in mineral acids which gave the characteristic color reaction. 
The keeping qualities of the cobaltous solution were very poor. Analyses showed 
that it contained 15.15 per cent Co; caleulated from the formula Co(SCH, 
COONa), 6H,O, 15.01 per cent. 


PLATINUM—SODIUM THIOGLYCOLLATE 


Sodium thioglycollic acid was treated with dilute platinie chloride. At 
first the solution became yellow, then red and, with further addition, a yellowish 
brown precipitate formed which was filtered off and washed with absolute alco- 
hol. A compound, very light yellow in color and very stable, results. The 
salt is very soluble in water; as much as thirty milligrams of metallic platinum 
per cubic centimeter can be dissolved. In the concentrated solutions, the ap- 
pearance is distinetly red, fading to a light yellow in the more dilute. The free 
acid was very similar in appearance, but not as soluble in water. Analyses of 
the free acid showed the following results: Pt 34.60 and 34.64; calculated ae- 
cording to the formula Pt(SCH,COOH),, 34.88. The sodium salt gave 30.22 
platinum and the caleulated value for Pt(SCH,COONa),, 30.14. No record of 
a platinum salt was found. Claesson (1906) says the salt Pt(SCH,COO), 
may be prepared from potassium chlor-platinate. 


ZINC—SODIUM THIOGLYCOLLATE 


Zine oxide and sodium thioglycollate were allowed to react, yielding a 
slightly yellow solution. Acids throw out a white crystalline material, which 
is soluble with difficulty in water but easily goes back into solution upon the 
addition of alkalies. The final product was a crystalline material very easily 
dissolved in water. Analyses showed that the compound contained 20.83 per 
eent Zn. Caleulated from the formula Zn(SCH,COONa), H,O, 21.11. 

Nore: In some cases the heavy metal salt of thioglycollic acid was used for 
analysis. In every case the composition of the salt used for analysis is given. 

These preparations were all tested for toxicity upon rats and guinea pigs. 
The trypanocidal action was also tested on rats and guinea pigs and a report 
of these tests will be found in a paper soon to be published by Dr. G. C. 
Lake of the U. S. Hygienic Laboratory. Antimony potassium lactate was also 
included in this series and found to be highly active by Dr. Lake. Further 
reports may be found in the work of Voegtlin and Smith. 
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PERIODIC ARRANGEMENT OF METAL SALTS USED IN THIS INVESTIGATION 








| RH,| RH, RH,| RH | 
0 | IR,O | ITRO | TTR, r VI VII VIII 
R.O, RO, R.O 


G1( Be) - - - 
9.1 
V Cr | Mn Ni, Co 
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Cu As | - - 
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A NOTE ON THE RELATION BETWEEN THE BLOOD-COAGULATING 
AND THE SMOOTH MUSCLE-CONTRACTING PROPERTIES 
OF TISSUE EXTRACTS * 


By C. A. Mitus, A.B., Pu.D., Gerarp Raap, A.B., A.M., And D. E. JAckson, 
Pu.D., M.D., CINCINNATI, OHIO 


HE action of tissue extracts, when injected intravenously into animals, 
has long been a subject of study. The toxie effects observed have been as- 
eribed mainly to two causes: (1) the coagulant action of the extracts on the 
blood, and (2) the presence in the solutions of a substance which acts on 
smooth muscle. Many workers have limited their observations to only one 
of the above phases of tissue extract toxicity, ignoring or not recognizing 
the presence of the other factor. It would be inadvisable to attempt a review 
of all the mass of literature on this question, so mention will merely be made 
of a few of the papers. Wooldridge’ was the first to notice the blood-clotting 
action of tissue extracts in vivo, and to make any extensive study of this action. 
Dold and his co-workers? made many observations along this line also. (For 
references to literature see Smith® and Mills.*) As regards the smooth musele- 
stimulating substance, reference should be made to Brieger and Uhlenhuth,’ 
Aronson,® Popielski,’ Dale, et al.,s Abel and Kubota® and Smith.* Popielski’s 
vasodilation possessed properties very similar to the histamine investigated 
so thoroughly by Dale and his co-workers, but was not at that time supposed 
to be identical with it. Abel and Kubota claim to have found histamine in 
many tissue extracts, and also a histamine-like body giving the imidazol test. 
This last they investigated especially in extracts of the pituitary gland. The 
smooth-muscle stimulating substanee, or substanees, are not regarded as hav- 
mg any influence on blood coagulation by most of these investigators, although 
by some it is thought that a slight inhibitory action is produced. 

The possibility of the stimulation of the smooth musculature of the 
body by the intravaseular clotting of the blood has not been much investigated. 
It is well known that certain sera, especially when fresh, are quite toxie for 
many animals, whereas the unclotted blood may be much less poisonous. A 
very good review of the literature regarding the toxicity of sera will be 
found in an article by DeKruif’® on this subject. Schultz! found that smooth 
musele from various parts of the body, when treated with serum in vitro, 
was stimulated to contract. The fresh blood, unelotted, had little or no such 
aetion, but as evidences of clotting appeared, the stimulating action became 
marked. Stewart and Zucker’? and others (O’Conner,'* Battelli,* Sehultz™ 
have also noted the stimulating action of serum on isolated smooth muscle 

*From the Laboratories of Pharmacology and Biochemistry, University of Cincinnati Medical School, 
Cincinnati, Ohio. 

A brief report of this work was presented before the American Society for Pharmacology and Experi- 
mental Therapeutics at the Chicago meetings, Dec. 28, 1920. 
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strips, although Stewart and Zucker thought plasma possessed the same 
stimulating action, except on arteries. The evidence, then, points to the pres- 
ence in serum of some substance not present as such in the whole blood, or else 
present in a combined and inactive form, from which it may be liberated by 
the clotting process. 

The fact that in anaphylactic shock the smooth musculature of certain 
organs is very greatly stimulated and the blood pressure greatly reduced 
(see Richet,’® Biedl and Kraus,’® Pearce and Eisenbrey,'?’ Edmunds,'* Auer 
and Lewis,’® Schultz,** Manwaring,”° and others) brings this phenomenon in 
close relation to the effects observed after tissue extract or serum injection. 
It is evident that in anaphylaxis these phenomena cannot be due solely 
to the injection of histamine contained in the protein antigen, for the anaphy- 
lactic shock ean be produced only a single time, while repeated injections 
of histamine may each show the typical action of the drug. This point was 
emphasized by Pelz and Jackson*! in their study of the bronchiole constric- 
tion in dogs during anaphylactie shock. That anaphylactie shock is in some 
way related to the clotting of the animal’s blood is indicated by the change 
in the ecoagulability of the blood during and following the shock. The subse- 
quent negative phase or partial noneoagulability of the blood is much similar 
to the condition which frequently follows tissue extract injection (see Woold- 
ridge.**) This fact, together with the observations regarding the presence of 
a toxin in serum not present in the unclotted blood, render necessary a close 
study of the effects of intravascular clotting of the blood and its bearing on 
anaphylactic shock. 

The present work is concerned mainly with determining the effects of 
various fractions of tissue extracts, intravenously injected into dogs, in an 
effort to find the relationship between the smooth-muscle stimulating and 
blood clotting substances present. Intravascular clotting induced by the co- 
agulant fraction, freed from the histamine or histamine-like substance, was 
studied in particular in relation to the effect of such clotting on the various 
involuntary organs of the body. The lungs, uterus, bladder and blood vessel 
system were the parts observed most closely. 

The experiments herein described have been performed on dogs which 
had been etherized, prepared for the experiment, and then, in about half of the 
experiments, pithed (usually both brain and cord). 

The uterus (in situ) tracings were made by means of a special device?* which 
was placed inside the abdomen and held securely in position while the con- 
tractions of the organ were recorded by means of a metal hook attached to 
the uterus. A small string, fastened to the hook, passed over a system of 
pulleys and was finally attached to a light, counterpoised lever which marked 
the contraction on a smoked drum. The bladder tracings** were made by 
tying a large cannula into the fundus of the organ and connecting the upper 
end of the cannula to the tube of a mereury bulb. The bulb was then filled 
about half full of warm salt solution (to dilate the bladder) and a tube pass- 
ing through the cork in the mercury bulb was connected to a recording tam- 
bour. The air in the upper half of the mereury bulb was thus connected by the 





376 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


rubber tubing with the interior of the tambour bowl. The bronchiole tracings 
were made by means of a special method** by which air was intermittently aspi- 
rated from the chest cavity while the amount of air passing into and out of 
the lungs was indicated by means of a tambour connected with the side tube 
of the tracheal cannula. When the bronchioles were fully relaxed and the 
lungs became widely inflated each time air was aspirated out of the chest, 
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Fig. 1. 


the tambour pointer moved down to a low level on the drum, and, as air 
was permitted to enter the chest cavity between the moments at which 
aspiration occurred, then, as the elasticity of the lungs eaused their own 
collapse and foreed air out through the trachea, the writing lever of the 
tambour was forced up to a high level. Contraction of the bronchioles 
decreased the amount of air passing into or out of the lungs and hence the 
tambour record on the drum at once decreased in amplitude. Profound 
bronchiole contraction might cause a complete cessation of the passage of air 
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into or out of the lungs, the foree of aspiration of the air suction from the 
vacuum pump remaining constant. In these cases the tambour tracing became 
greatly reduced in amplitude, or perhaps marked only a straight line on the 
drum. Injections of extracts were usually made from a burette into a femoral 


or a jugular vein. Blood pressure was recorded by a mereury manometer 


connected with a carotid artery. 

The following extracts and solutions were used for the injections: (1) 
extracts of fresh normal tissues, mainly lungs, (2) crude antithrombin solu- 
tion, (3) albumins of lungs extract, (4) purified antithrombin (globulin), 
5) purified active coagulant (globulin) of lung extract, and (6) the purified 
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coagulant, inactivated. Each of these solutions will now be described more 


in detail, together with the effects produced by intravenous injection in dogs. 


(1) EXTRACTS OF FRESH NORMAL TISSUES 


These extracts were made by grinding the fresh tissue to a paste with 
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white sand and extracting with 0.9 per cent NaCl solution in the ratio of 10 c.c. 
Lung extracts were used 
These ex- 


saline solution for each gram of fresh tissue taken. 
mainly because of their efficacy in inducing intravascular clotting. 
tracts give a positive test for imidazol compounds, as tested by Ehrlich’s 
No effort was made to determine whether it was free hista- 


diazo reaction. 
The work of Abel 


mine that was responsible for the positive imidazol test. 
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and Kubota indicated that free histamine was present in such extracts. Lung 
extract thus prepared contains approximately 0.74 per cent protein. Fig. 
| shows the action of 7 ¢.c. of this lung extract on the bronchioles, blood 
pressure and on the uterus in situ. The smallness of the dose is significant 
here. The animal was pithed (brain and cord) so that the actions shown in 
the tracing are entirely of peripheral origin. It will be noted that the right 
carotid tracing shows that extensive intravascular clotting occurred within 
a few seconds after the extract was injected. This, of course, caused im- 
mediate stoppage of the circulation, and at the same time a contraction of 
the bronchioles and of the uterus occurred. 

Fig. 2 shows a quite similar action which occurred in a larger dog follow- 
ing the injection of 7 ¢.c. of kidney extract (but this extract was twice as 
strong as the preceding lung extract). 

Fig. 3 shows the action of 7 ¢.c. of lung extract on the respiration, blood 
pressure and bladder in an intact, etherized dog. A marked contraction 
of the bladder occurred following the injection of the extract. At the same 
time the blood pressure fell to about half its former height. This was due 
to a rather extensive intravascular clotting of the blood, but in this particular 
ease the heart was still able to go on beating feebly, and to maintain a very 
low and uncertain blood pressure as indicated by the mereury manometer. 
This was evidently possible because the clots formed had not completely 
filled all the important blood vessels in the heart and in the medulla, for the 
animal continued to earry on a weak, irregular respiration. It is, perhaps, 
a matter of some significance that a large dose of adrenalin injected later 
had only a very slight influence on the blood pressure. 


(2) CRUDE ANTITHROMBIN SOLUTION 


It has been shown elsewhere by one of us (Mills*) that the active coagu- 
lant as it exists in the lung tissue is a protein phospholipin compound having 
the solubility characteristics of a globulin, and comprising practically the entire 
globulin content of lung extracts as made here. Analysis showed this to be 
composed of one protein molecule united to about 13 phospholipin molecules 
(probably cephalin). Removal of the phospholipin in a manner so as to leave 
the protein soluble destroys the coagulant action of the compound and leaves 
the protein fraction with antithrombie properties comparable to those of 
hirudin. Such phospholipin extraction can best be carried out by using ben- 
zene at room temperature until all available phospholipin has been removed. 
if fresh calf lungs be hashed, dried rapidly at room temperature, powdered 


and extracted by benzene in this manner, a saline extract (0.9 per cent NaCl) 


of this benzene extracted lung will no longer cause clotting of the blood 
in vivo or in vitro, but acts as an active anticoagulant. It is this anticoagulant 
lung extract that is here termed crude antithrombin. It contains 0.93 per 
cent of protein consisting of the soluble albumins of the lung and the globulin 
fraction of the active coagulant. Ehrlich’s diazo reaction is positive, just 
as in the extracts of fresh normal lungs. This extract permits us to study 
the effects of tissue extracts in the absence of intravascular clotting. 

Fig. 4 shows the result of injecting 30 ¢.c. of crude, antithrombin solution 
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Fig. 4. 





into a pithed dog. No clotting oceurs, yet the bronchioles contract and the 


blood pressure shows a marked fall. These actions we presume are due to 
histamine, or histamine-like (Abel and Kubota) substances present in the ex- 


tract as shown by the positive Ehrlich reaction. 
(3) ALBUMINS OF LUNG EXTRACT 


The solution containing (0.16 per cent protein) the albumins was obtained 
by precipitating the globulin fraction at its isoelectric point (about Py = 5 - 6) 
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with H,SO,. The total globulin content was removed in this way, and the 
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. . . . . a . . . + 
supernatant liquid containing the albumins, after neutralization with 5- 


NaOH, was used for the injections. Albumins prepared in the same way from 
the erude antithrombin solution (saline extract of benzene extracted lung) 
were used in some experiments, but the effects were the same as with the 
albumins prepared from extract of fresh lungs. These albumin solutions gave 
a positive test with Ehrlich’s diazo reaction for imidazol compounds. They are 
without action on the coagulability of the blood. 












382 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 





MEA fl 
Antel 7 


Masri wricet 





Fig. 5 shows the action of the albumins on the bronchioles and blood pres- 
sure of a pithed dog. The fall in blood pressure and contraction of the 
bronchioles we believe to be due to the presence of histamine, or histamine-like, 
bodies as was described in the ease of the crude antithrombin. (The bronchiole 
contraction is not as marked here as it often occurs after the injection of the 
albumins, because the negative air pressure used to aspirate the chest cavity 
was slightly stronger than it should have been). 
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(4) PURIFIED ANTITHROMBIN SOLUTION 


The anticoagulant globulin was purified by precipitating from the erude 
antithrombin solution at its isoelectric point and washing the precipitate 
in distilled water by decantation until the imidazol ring test was entirely nega- 
tive. Solution in 0.9 per cent NaCl solution was then effected by adding a slight 


amount of =~ NaOH. This globulin solution, free of all traces of imidazol 


ring compounds, was used for the injections. The use of acid in its purification 
largely destroys its anticoagulant properties, so that the solution is almost 
inactive as regards blood clotting. To retain the active anticoagulant action 
salt precipitation must be used in the purification. This yields a final product 
which possesses the same intravenous effects as the acid precipitate. The iso- 
electric precipitation was used because of the speed with which a pure product 
can be obtained. The purified antithrombin solution used contained approxi- 
mately 0.43 per cent of protein. 

Fig. 6 shows the effects produced when the purified antithrombin is in- 
jected intravenously. The sharp, abrupt fall of blood pressure, which charac- 
terizes the action of histamine, or histamine-like bodies is entirely absent as 
is also the marked, sudden bronchiole contraction. There is, however, -pro- 
duced a slow, gradual bronchiole contraction, and this may be due to the 
specific action of the antithrombin itself, as may also be true of the slow, 
gradual fall in blood pressure (which in this ease seems very probably to be 


due to a weakening of the heart). 
(5) PURIFIED ACTIVE COAGULANT SOLUTION 


The active coagulant may be purified exactly as was the anticoagulant. 
However, it does not lose very much of its activity by precipitation at its 
isoelectric point, so this method was used entirely, an active product entirely 
free from imidazol ring compounds being obtained. This solution readily 
caused clotting in vivo or quickened clotting in vitro. It could not possibly 
contain any histamine or histamine-yielding constituent since the imidazol 
ring was entirely absent. The same holds true for the pure anticoagulant.’ 
The purified active coagulant was made by precipitating the active globulin 
from lung extract by acid (N/500 H,SO,), washing the precipitate and redis- 
solving it in 0.9 per cent NaCl solution by the addition of a small amount of 
alkali. It contained approximately 0.23 per cent of protein. 

Fig. 7 shows the action of the active coagulant on the bronchioles and 
blood pressure when injected intravenously. Intravascular clotting occurred 
at onee, and the bronchioles were profoundly contracted. Since this active 
coagulant contained no imidazol ring compounds we believe the action on the 
bronchioles was produced by some substance which is set free in the body as 
the blood coagulates. This same type of action may be present in other 
tissues (as muscles, ete.) also, but we do not wish to discuss that point at 
present. We are of the opinion that as the blood coagulates, it sets free the 
substanee which acts on the smooth musculature, and we strongly suspect 
that this may be histamine or some very nearly related substance. The action 
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on smooth muscle here is absolutely typical for histamine. And the indieca- 
tion shown in Fig. 3 that, after injection of lung extract and extensive intra- 
vascular clotting, adrenaline seemed to have but little power to raise blood 
pressure, is in harmony with what we might expect after a marked histamine 
reaction in the eapillaries and minute arteries and veins. 
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(6) PURIFIED COAGULANT, INACTIVATED 


A portion of the solution of purified active coagulant was treated with 
] 


} N 
- NaOH to give a ealeulated alkalinity of about — and the solution boiled. 
2 15 
No coagulation took place, alkaline metaprotein probably being formed by the 
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action of the NaOH. The coagulative activity of the compound on blood was 
almost completely destroyed by this treatment. Neutralization back almost 


y 


io neutrality with > H.SO, gave an inactive solution of the pure coagulant. 


— 


Fig. 8 shows the action of two different solutions, first that of the purified 
coagulant which has been inactivated as described above. Here an injection 
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of 11 ¢.e. had practically no effect on the bronchioles, and the action on the 
blood pressure in nowise resembled that of histamine, neither did intravaseu- 
lar clotting occur. The heart, however, was weakened considerably, and to 
overcome this, an injection of 1144 ¢.c. of adrenalin solution was given. This 
strengthened the heart and raised the blood pressure. Following this a third 
injection was given. This consisted of 11 ¢.c. of the active coagulant. A 
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prompt intravascular clotting of the blood occurred, and at the same time 


the bronchioles contracted vigorously. These reactions oceur after atropin 
and are therefore muscular in origin. 

Fig. 9 shows these same points again, but, in addition, the effects on the 
bladder are also illustrated. In the beginning of this tracing two separate 
injections of 11 ee. each of purified coagulant inactivated were given. 
These produced no effects on either the bladder or lungs, and the slight 
variations in the blood pressure were due, perhaps almost solely, to the 
sudden addition of the injected solution to the whole volume of the blood in 
the animal’s vascular system. This solution had simply been heated, after 
the addition of a small amount of alkali, and then brought back as nearly as 
possible to the point of neutrality by the addition of very weak acid. The 
third injection in the tracing shows the effects produced by 25 ¢.c. of the active 
coagulant. All three of these injections were made from the same original 
solution, but in the first two (11 ¢.c., 11 ¢.e.), a portion of the extract had been 
inactivated. No histamine, or histamine-like substance, was present in either 
solution. But one had no effect on the blood, while the other produced imme- 
diate intravaseular clotting. And when no action on the blood oceurred, 
no contractions of the smooth musculature (or fall of blood pressure) occurred, 
while, when the blood was made to elot, very marked contractions of both 
the bladder and the bronchioles occurred. The very striking similarity of 
these smooth muscle reactions to those produced: in anaphylactic shock is ob- 
vious at a glance. We do not doubt but that the two phenomena are ex- 
ceedingly closely related, if indeed, they are not identical in their fundamental 
nature. We have performed corresponding experiments with the purified 
coagulant and with the purified coagulant inactivated on isolated strips of 
the guinea pig’s uterus in vitro. The results coincide exactly with the findings 
above described, contraction of the uterus occurring just as the (citrated 
horse) plasma is made to coagulate by addition of active coagulant and 
ealeium ehloride. Essentially this same observation has been made by others, 
especially Schultz, Stewart, ete., on the action of whole blood, just as it co- 
agulates (naturally) on the guinea pig’s uterus in vitro, or on the action of se- 
rum from blood clots on isolated strips of smooth muscle. We presume that 
any substanee which will cause rapid intravascular clotting of the blood, 
will produce these smooth muscle contractions, if injected suddenly in suffi- 
cient quantity into the circulation. 
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OBSERVATIONS ON THE PHARMACOLOGY OF SOME 
BENZYL ESTERS* 


By Cari NIELSEN AND JOHN A. Hiaerns, Cuicago, ILL. 


ITHIN the past few years, David I. Macht! has published various arti- 
eles pertaining to the pharmacology of benzyl esters and the benefits 


derived from their use in medicine. His careful investigations were based 
upon his discovery of the relation, in chemical structure and pharmacologic 
action, between the papaverin group of the opium alkaloids and these benzyl 
esters. His interesting findings have naturally caused the medical profession 
to study one of these benzyl esters (benzyl benzoate) clinically and a number 
of reports on its beneficial action, in a variety of clinical conditions, have since 
appeared, all based upon the property of benzyl benzoate to relieve spasmodic 
pain. 

We have for some time been conducting investigations of the pharma- 
cologie action of a series of benzyl esters, some of them liquids, others solids, 
including the benzyl benzoate as originally recommended by Macht. While 
our work has been in progress, an article has appeared in this journal, pub- 
lished by Mason and Pieck,? and, though we are not prepared at this time to 
give all the data we have obtained but shall publish our main report at a later 
date, yet we feel inclined to present in this preliminary paper the results of 
our experiments with benzyl benzoate on the intestine in situ, as well as those 
obtained with benzyl cinnamate. 

The benzyl esters under investigation have been supplied in chemically 
pure form by the chemical research department of the Abbott Laboratories. 
In testing these, we have experienced the same difficulties as other investiga- 
tors, especially as regards a suitable means of diluting the benzyl esters for 
intravenous injections. In our study of the action of these benzyl com- 
pounds on the intestines, we have found emulsions of the benzyl compounds 


*From the Pharmacologic Department of The Abbott Laboratories, Chicago, III. 
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made with gum acacia to be the most favorable for intravenous administration. 
These emulsions were prepared in such a manner as to contain the smallest 
possible amount of gum acacia to assure thorough distribution of the benzyl 
compounds. We have, however, also used alcoholic solutions of the esters in 
such instances where the alcohol could be proved not to interfere too greatly 
with their actions. 

Using a method as described by Jackson* we have been able to obtain 
marked intestinal relaxation following injections of relatively small amounts 
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Fig. 2. (For description, see text.) 


of benzyl benzoate and benzyl cinnamate (Figs. 1 and 2). Experience has 
taught us the necessity of great care in preparing the animal and also of 
patience in waiting for the benzyl compounds to be absorbed and to exercise 
their action, and allow the intestine to return to normal contractions before 
another injection is made. It will be noted that the benzyl cinnamate produced 
a greater intestinal relaxation than benzyl benzoate in equal amounts. In 


verifying this point, we were able to relax the intestine to a greater extent with 
only one-half the amount of benzyl cinnamate. 
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Our records of the blood pressure (Fig. 3) seem to indicate that benzyl 
cinnamate lowers the blood pressure less than benzyl benzoate. 

From the above, it will be seen that our findings do not harmonize with 
those of Mason and Pieck. These authors report a negligible effect, or no 
effect at all, on the intestine. They used a somewhat different method (finger 
cot) and injected barium chloride in order to stimulate the movements of the 
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circular intestinal muscles. In our work we have endeavored not to hurry 
the experiments with barium chloride or by other mechanical means. We 
have had greater success by awaiting the normal intestinal movements after 
gently manipulating the organ and setting the apparatus in its proper loca- 
tion for movements of the longitudinal intestinal muscles. 

In one of our experiments, however, we did use barium chloride as an 
intestinal stimulant, but in order to prevent excessive excitability of the organ, 
we first injected barium chloride alone (1% e.e. of a 1 per cent solution) and 
obtained a violent contraction. After allowing the organ to return to normal 
movements, we now injected the same amount of barium chloride dissolved 
in the benzyl emulsions. Judging from our tracings (Fig. 4) we feel quite 
certain that benzyl benzoate as well as benzyl cinnamate diminish the intestinal 














constrictions produced by barium chloride. 

Sinee benzyl cinnamate appears to be more effective than benzyl benzoate 
on the intestine, we may here add that it is a solid compound at ordinary tem- 
perature but readily melts at body temperature. Similar to benzyl benzoate 
it is virtually nontoxie when administered orally. We have fed 14 ounce to 
a dog weighing approximately ten pounds without any noticeable symptoms. 

Another feature we have noted in our experiments is that, after repeated 
injections of large doses of benzyl esters into the blood stream, the arterial 
blood becomes very venous in appearance. We have noted no difference in 
the coagulation pericd of such blood as compared with normal arterial blood 













from the same animal. 
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LABORATORY METHODS 






ICE WATER-BATH IN COMPLEMENT FIXATION FOR THE WASSER: 
MANN REACTION—A SHORTENED TECHNIC 






By W. W. Duxe, M.D., Kansas Crry, Mo. 






IK refrigeration or ice box method of complement fixation for the Wasser- 
mann reaction introduced by Jacobstahl' (1910) and Guggenheimer? (1911) 
and popularized by MeNeil,* Altman,* Walker and Swift, Smith and MacNeal,’ 
Ruediger® and others marks the chief advance in Wassermann technic since 
the introduction of cholesterinized antigen. The refrigeration method has been 
used in this laboratory almost exclusively during the past three and one-half 
years. During this period over fifty thousand tests have been carried out on 
more than ten thousand different specimens of blood. The ice box method has 
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been run in parallel with the 37.5° C. incubator method from time to time. Our 
results harmonize with those reported in the literature showing that the refrig- 
eration method is much more delicate than the warm water incubation method 
and we believe it will be adopted generally in the course of time. 

A serious objection to the refrigeration method has been the time required 
4 hours) for ineubation. This makes the ice box Wassermann technic re- 
quire in all about seven hours’ time. By using an ice water-bath instead of an 
ce box, we have been able to shorten the time for incubation to one hour 
without materially altering its result. We wish, therefore, to report briefly 
his modification of the method with a few typical examples of reactions which 
vere carried out simultaneously by the warm water-bath, ice box and ice 
water-bath technic. 

METHOD 


According to the original refrigeration technic, the tubes are set up with 
antigen, complement and blood to be tested and placed in the ice box at ap- 
proximately 9° C. for four hours’ ineubation, after which time the sensitized 
cells are added and the tubes incubated at 37.45° C. in a water-bath for one 
hour when the readings are made. By the modified technic to be described, 
the tubes are set up according to a method to be described subsequently and 
are placed in a rectangular galvanized iron pan with stopeock for drainage. 
[ee water is poured into the pan until it reaches a level higher than that of 
the fluid in the tubes. The temperature of this water is kept at 8° C. for 
fifteen minutes by the addition of small pieces of ice. (The temperature of a 
tube placed in the ice water-bath is reduced to 9° C. in five minutes or less.) 
After the expiration of fifteen minutes, the ice is removed with the result 
that the temperature of the ice water-bath rises approximately one degree each 
half hour. At the end of the hour, the ice water is drawn off by opening the 
stopcock and the pan is refilled with water at 40° C. The tubes are allowed 
to remain in this for a period of five to ten minutes in order to remove the 
chill from the tubes before they are placed in the 37.5° C. water-bath. The 
sensitized cells are then added and the tubes are placed in the 37.5° C. water- 
bath for one hour at which time the readings are made. The above details 
are important. If the tubes are not warmed before they are placed in the 
warm water-bath, the warm water-bath is cooled down with the result that 
the complement acts too slowly and may make the control tubes simulate the 
reaction of an anticomplementary serum. 

For the past year a five tube test has been used in this laboratory which 
is set up as follows: 

All tubes contain amboceptor (antisheep) two units, patient’s blood serum 
1/20 ¢.c., sheep cells 0.2 ¢.c., of a 5 per cent suspension, antigen 1/5 the anti- 
complementary amount or less, salt solution to a total volume of 1.25 e.e. 


Tube 


1 contains, antigen cholesterinized .4%, complement 1 unit. 
Tube 9 sé sé ee 2% es sé 

2 ‘ m 

3 ‘ 
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Tube 
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The advantages of this set up are as follows: Tube 1 is so sensitive that 
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it comes out positive in the overwhelming majority of specific cases whether 
active or latent. This tube, therefore, is useful in excluding syphilis in the 
general diagnosis of a medical case. We find very few cases of syphilis which 
ean be diagnosed clinically or by spinal puncture which do not give a positive 
reaction in Tube 1. This tube gives a considerable number of false positives, 
in fact, it gives a 4+ reaction in 33 per cent of the medical cases examined as 
a routine in this elinie without regard to complaint. (Bloods sent in for Was- 
sermann reactions because of suspected syphilis are excluded from these sta- 
tistics.) As previously mentioned, this tube is used for the purpose of exclud- 
ing syphilis in the routine diagnosis of a medical case, not in its diagnosis. 
Tube 2 is also very sensitive although less so than Tube 1. In fact, it is only 
about one-fifth as sensitive as Tube 1. However, Tube 2 also gives a number of 
false positives and gives a 4+ reaction in 22 per cent of general medical cases. 
This test is also used in excluding syphilis, not in its diagnosis. Tube 3, which 
contains two units of complement, is less sensitive than Tube 1 or 2. It gives 
fewer false positives. Blood which gives a + reaction in Tube 3 gives a 44 
reaction in Tubes 1 and 2. A 4+ reaction in this tube is not often found in 
anything other than specific cases. Tubes 1, 2 and 3 come out 4+ in 19 per 
eent of general medical cases, Tubes 4 and 5, in which two units of complement 
are used and the antigen is noncholesterinized, are still less sensitive than 
Tubes 1,2 and 3. We have no record of these two tubes giving false positives. 
They come out 4+ in 13 per cent of general medical eases. 

It is interesting to compare the reactions of doubtful and weak positive 
bloods carried out by the three technics, that is, the warm water-bath, the 
ice box, and the ice water-bath. We have run a great number of parallel 
tests in this way in the laboratory and find that the ice water-bath and ice 
box give almost identical results and give invariably a much more complete 
fixation than the warm water-bath. They are each approximately five times 
as sensitive as the warm water-bath method. Several typical examples are 
given in the accompanying tables. 

It is interesting to point out in the above tables that the blood used in 
Table I gave a completely negative test by the warm water-bath technie and 
gave 4+ reactions with cholesterinized antigen and one unit of complement 
by both refrigeration methods. The blood used in Table II was too weakly 
positive to inhibit two units of complement by the warm water-bath and gave 
negative tests in Tubes 3, 4 and 5. It gave 4+ reactions in Tube 3 by the re- 
frigeration methods and a 1+ and 2+ with noncholesterinized antigens. The 
blood used in Table III was too weakly positive to show any inhibition with 
noncholesterinized antigens (Tubes 4 and 5) when ineubated at 37.5° C. but 
gave a 4+ reaction in these tubes by the refrigeration methods. The above 
tests are typical examples of reactions given by doubtful or weakly positive 
bloods. 

A clearer conception of the delicacy of the tests can be gained by an ex- 
amination of Tables IV, V, VI and VII in which several strong positive bloods 
are titrated and tested by the three methods. In these titrations, cholesterin- 
ized antigen, .2 per cent was used, 2 units of complement in Tables IV and V 
and 1 unit of complement in Tables VI and VII. 
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TABLE I 


A DOUBTFUL REACTION (TREATED CASE) 





per | WARM WATER-BATH | jaan. came ~ ICE WATER-BATH 
1/2 HOUR | ita stil 1 HOUR 

- | 4+ | 4+ 

- 4+ | 


TUBE NUMBER 





TABLE II 


A WEAK POSITIVE REACTION (TREATED CASE) 


| WARM WATER-BATH | |, WATER-BATH 
ICE BOX 4 HOURS 

1/2 HOUR | 1 HOUR 

4+ | 4+ 4+ 


TUBE NUMBER 








4+ 4+ 4+ 
- 4+ 4+ 
2 + 


1+ 


TABLE III 


POSITIVE BLOOD (TREATED CASE) 
WARM WATER-BATH rw a ICE WATER-BATH 
ICE BOX 4 HOURS 
1/2 HOUR 1 HOUR 
4+ ; 4+ 
4+ 4+ 
4+ rive 
= 4+ 
- 4 1. 


TUBE NUMBER 








TABLE IV 
TITRATION OF RELATIVELY STRONG POSITIVE SERUM (2 UNITS COMPLEMENT) 


nares WARM WATER-BATH | on gett 4 meee ICE WATER-BATH 

ian 1/2 110UR : : 1 HOUR 

1/30 eC. 44 4+ 

1/60 2.¢, 4+ 1. 4+ 
4 4. 
1+ 


1/100 44 
1/200 4+ 
1/500 e@e. ~ 
1/1000 i - 
1/2000 ee. - 


TABLE V 
TITRATION OF STRONG POSITIVE SERUM (2 UNITS COMPLEMENT 


nadieine W =? — <n eax 4 meuen ICE : — I 

1/30 «ea 4+ 4+ 4+ 
1/60 e@e, 4+ 4+ 
1/100 e.e. 4+ 4 4+ 
1/200 e@.e. 4+ 4+ 
1/500 @e. 1+ 4+ 
1/1000 e.e. * 4+ 
1/2000 e.e. - 34 3+ 
1/3000 e.e. = 1+ 
1/5000 e@.e. = 
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TABLE VI 


TITRATION OF WEAK POSITIVE SERUM (1 UNIT COMPLEMENT) 





WARM WATER-BATH ICE WATER-BATH 
1/2 HOUR 1 HOUR 





ICE BOX 4 HOURS | 





1/30 
1/60 
1/100 
1/250 
1/500 


c.c, 
€.c,. 
€.c, 
€.¢, 
c.c. 
1/1000 e.e. 
1/2000 e.e. 


SERUM 


~ 4+ 4+ 
. 4+ 4+ 
+ 4+ 4+ 
f. 4+ 4+ 


4+ 


TABLE VII 


TITRATION OF STRONG POSITIVE SERUM (1 UNIT COMPLEMENT) 


- WARM WATER-BATE 


1/2 HOUR 





1/30 
1/60 
1/100 
1/250 
1/500 


¢.¢c. 
€.c, 
cc, 
e.c. 
€.c, 


1/1000 e.e. 
1/2000 e.e. 
1/4000 e.e. 
1/5000 e.e. 


4+ 
4+ 
4+ 
4+ 
4+ 
1+ 








; BOX 4 HOURS 


ICE WATER-BATH 
1 HOUR 





4+ 4+ 
4+ 4+ 
4+ 4+ 
4+ 
4+ 
4+ 
4+ 


1/8000 e.e. = 


It can be seen in Tables IV to VII that the refrigeration methods (Ice 
box four hours and ice water-bath one hour) give almost identical results and 
that both are five times or more as delicate as the warm water-bath method. 
These are typical examples and represent average results obtained in many 
comparative titrations. It seems unnecessary to report more examples. 

The question which finally arises concerns whether or not one hour’s 
incubation in the ice water-bath gives a finished reaction; in other words, 
whether or not incubation for a longer period of time or by a different method 
would give a more complete fixation. To discover if this might be the case, 
a number of comparative titrations were made in which different methods of 
incubation were used. It was found that none give a more complete fixation 
than that obtained by one hour’s ice water-bath ineubation. 

For example, in several series of titrations, the tests were incubated one 
hour, two hours, four hours and overnight in the ice water-bath. The results 
obtained were almost identical. 

One of this set is reported in Table VIII. 
the noncholesterinized and cholesterinized antigen, the reaction obtained is 
about the same whether the tests were incubated one, two or four hours re- 
spectively. This result was somewhat different from that obtained by ineu- 
bating bloods for varying periods of time in the warm water-bath. Blood 
incubated for one-half hour in the warm water-bath does not give as strong 
a reaction as when incubated for a period of one, two or four hours. In fact, 
four hours’ ineubation in the warm water-bath gives a reaction which is 
definitely stronger than that obtained by one-half hour’s ineubation. We be- 


It can be seen that with botk 
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lieve, therefore, that one-half or one hour’s incubation in a warm water-bath is 
inadequate. 

We also made comparative titrations, incubating first in the ice water-bath 
for one hour and following this incubating in the warm water-bath for one 
hour; also by ineubating one hour in the ice water-bath and then allowing 
the temperature of the water-bath to rise gradually during a period of nine 
hours to room temperature and finally incubating one additional hour in the 
warm water-bath. The results obtained by these methods were little or no 
more complete or positive than that obtained by one hour’s ineubation in the 
ice water-bath. We believe, therefore, that the fixation obtained by one 
hour’s iee water-bath incubation is complete and adequate and is as good as 
that which ean be obtained by any method with which we are acquainted at 
the present time. 


TABLE VIII 


IcE WATER-BATH 











(2% CHOLESTERINIZED NONCHOLESTERINIZED 


| 
| 1 HOUR | 2 HOURS | 4 HOURS 1 HOUR 2 HOURS 4 HOURS 


ANTIGEN l 





Hrs. Ineubation 
SERUM 

1/30 Cc. 4+ 4- : ’ 4+ 4+ 4+ 
1/60 ee. + 4+ 4+ 4+ 4+ 
1/100 e@.e. - 4+ 4+ 4+ 4+ 
1/130 e.e. + 4+ | 3+ 
1/160 e.e. + 4+ 
1/200 e.e. 4 4+ 
1/260 e.e. : 34 3+ 
1/340 ec. | 2 4 1+ 
1/500 e.e. | - 
1/750 e.e, | = 














TABLE 1X 


WARM WATER-BATH 


im ae ~ NONCHOLESTERINIZED _ 


ANTIGEN: _ 2% CHOLESTERINIZED 





Hrs, Ineubation 
SERUM 

1/30 @.e. 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

1/60 «ee. 4+ 4+ 4+ 4+ + 4+ 4+ 44 

1/100 e.e. 4+ 4+ 4+ 4+ 3+ 4+ 4+ 4+ 

1/130 e.e. 4+ 4+ 4+ 44+ 2+ 1+ 3+ 3+ 

1/160 ee. 2+ 3+ 44 4+ 1+ 

1/200 e.e. + 2+ 3+ 4+ 

1/260 «¢.e. 1+ 3+ 34 

1/340 e.e. - 2+ 

1/500 e.e. - - 

1/750 e@.e, - - 


3 HOUR 1 HOUR 2 HOURS 4 HOURS 4 HOUR 1 HOUR 2 HOURS 4 HOURS 





CONCLUSIONS 
1. The use of an ice water-bath for one hour for complement fixation for the 
Wassermann test gives as complete a degree of complement fixation as incubation 
in the ice box for four hours. The use of an ice water-bath, therefore, shortens 
the refrigeration technie three hours without altering its accuracy. For this 
reason its use is recommended. 
2. I acknowledge with pleasure the expert assistance in this work of Miss 


Elizabeth Leas, technical laboratory assistant. 
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HEMOSTATIC AGENTS * 


A FurRTHER NOTE ON THE DETAILS IN THE PROCESS OF ASSAYING 


By Hersert C. Hamivton, Detroit, Micu. 


N an article on ‘‘Hemostatic Agents’ (this JourNaL, June, 1920) I de- 

scribed a method by which one class of these agents can be standardized in 
spite of the fact that the action is not directly that of a coagulant, but, on the 
contrary, is of such a character as slowly to change the coagulability of the 
blood when it is administered either internally or hypodermatically. Certain fea- 
tures of this method have been ealled in question by Hanzlik? (this JourRNAL, 
November, 1920) and since the criticisms concern not only the good faith and 
intelligence of the author, but the scientific accuracy of the method in several 
of its details, I feel justified in restating some of the principles of the test and 
the reasons for the deductions and conclusions which followed. 

The method is in brief an adaptation of the clinical method of using this 
particular class of hemostaties. The dog is anesthetized for convenience of ma- 
nipulation and the coagulation time of the blood carefully observed before 
and after administering the agent. The amount of blood drawn from the circu- 
lation is approximately 3 to 5 ¢.c. The end point for any sample of blood is 
complete coagulation so that the tube can be inverted and shaken with no 
evidence of fluid blood. 

In spite of the apparent simplicity of the method certain conditions have 
been specified as prerequisite to a careful scientific demonstration of the value 
of the agent. These are as follows: 

Animals are to be rejected for test purposes, first, if the normal coagulation 
time is less than six minutes; second, if the coagulation times of the samples of 
blood drawn to establish the normal, are found to vary greatly, particularly 
when the time becomes shorter; third, if a dog fails to react to a sample which 
had been demonstrated to be an active coagulant by tests on two other animals. 

Records of experiments on 70 dogs show the average normal coagulation time 
to be eight minutes. This series includes five dogs whose normal coagulation 
time was found to be five minutes or less and three with coagulation time of 
twelve minutes or more. 


*From the Research Laboratory of Parke, Davis and Co., Detroit, Mich. 





















HEMOSTATIC AGENTS 
The average time being eight minutes, it is logical to exclude animals with 
a time materially less. A blood coagulant is intended primarily for cases not 
exceptionally short but either normal or exceptionally long. Since the selected 
standard for Hemostatic Serum is that it must shorten the time to one-third the 
normal and since the usual shortening is considerably greater than this, five to 
six minutes is regarded as the shortest normal time that could be permitted as 
being consistent with a test designed to recognize the highest efficiency of the 
agent. 

With regard to the second reason for rejecting a dog—the abnormal varia- 
bility of its coagulation time—the reason is evident. It is impossible to select 
a normal on which to base the action of the agent. If the time varies from nine 
minutes to three-fourth minutes as observed by Hanzlik in a previous experi- 
ment, it is not possible to select a normal time to be shortened to one-third by 
the agent. ; 

With regard to the third cause for rejecting a test animal, namely, failure 
to respond to a sample of known activity, it may be said that pharmacologists 
are obliged to accept results froni a majority of animals used; not every animal 
is adapted to test purposes. Two out of three, three out of five or five out of 
seven are commonly accepted as sufficiently accurate results in all biologic 
assaying. Reference to almost any data of this character will show the correct- 
ness of this statement. 

Another point to which Hanzlik took exception is the precaution to assure 
oneself as to the character of the clot. While we agree as to the end point, 
i.e., invertibility of the tube without a trace of fluid blood, there are occasions 
when this condition is apparent and not real and fluid blood is present beneath 
the superficial skin. Which is better, to be misled in thinking a clot has formed 
when it has not, or to assure oneself by carefully breaking the surface to ob- 
serve the condition of the major portion of the sample? The answer seems to 
me to be obvious. It is like one of Euclid’s axioms. <A blood clot is a true 
clot when none of the blood remains fluid. 

The manipulations used to ascertain the character of the clot are indeed 
not conducive to the best interest of the clotting process. According to the 
most elementary rules of logic,. these adversely disturbing factors should be 
held as corroborative of the value of the test. This author’s position in eriti- 
cising what is evidently a meritorious precision in reading the tests is to say 
the least beyond comprehension. 

Another point was noted in the original communication that several observers 
have found hemorrhage to be self-limiting. While many observations of my 
own seem to discredit this statement, the possibility that repeated withdrawals 
of blood might vitiate the test has not been disregarded. The observations of 
Drinker and Drinker,’ Am. Jour. Phys., 1915, xxxvi, were to the effect that 
‘‘Rapid progressive hemorrhage causes a progressive decrease in coagulation 
time.’’ The data on which they based the statement is a record of experiments 
on rabbits and eats in which the maximum shortening was 37 per cent. The 
detailed experiments included one in which 60 ¢.c. blood was withdrawn from 
the vein of a 2 kilo cat. The original coagulation time of 14 minutes was 
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shortened to 12 minutes, an actual shortening of about 15 per cent. While the 
authors did not make the ecaleulation, it is well known that the average blood 
volume of the cat does not exceed one-ninth the weight of the animal. It is 
a fair inference, therefore, that the amount of blood drawn is approximately 
33 per cent of the total volume in this test animal. 

In the other detailed experiment of Drinker and Drinker 50.5 ¢.c. blood was 
drawn from a 2.6 K. rabbit. The shortening of coagulation time was in this 
ease from 18 minutes, 32 seconds to 15 minutes, 33 seconds, a total of 3 min. 
or about 17 per cent. By the same process of calculation, the amount drawn 
was about 20 per cent of the total volume. 

Note: The quantity of blood in the average animal is approximately one- 
thirteenth of the body weight* (Luciani’s Human Physiology, Vol. I, p. 99). 
This varies so greatly, however, that one-ninth was selected as being the highest 
possible ratio. 

The large proportion of the blood drawn and the small decrease in coagula- 
tion time in these experiments indicate that hemorrhage is not a serious factor 
as influencing coagulation time. 

Gray and Lunt® (Am. Jour. of Phys. Vol. 34) conclude that ‘‘ Hemorrhage 
decreases clotting time especially if moderately severe—13 per cent of the cir- 
culating blood.’’ 

Hanzlik quotes Howell® (Harvey Lectures (1916-17) p. 296) to the effect 
that ‘‘results of these experiments [cephalin on dogs] have not been published 
since they showed many irregularities [italies Hanzlik’s] that will require fur- 
ther experimentation to explain.’? Without the details one is at liberty to 
assume that it is the action of the cephalin rather than any other factor that 
showed ‘‘many irregularities.’’ Howell’ (loe. cit.) recorded one experiment where 
cephalin was injected intravenously in which the coagulation time was 
shortened by one-third to one-half of the normal. He did not hesitate to credit 
this change to the cephalin. The technic of the experiment was not given in 
detail but there is no evidence that he feared the influence of hemorrhage. 

Cannon and Gray* (Am. Jour. of Phys. Vol. 34) used a similar method to 
prove that adrenalin shortens the coagulation time. They prove by seven or 
more experiments on eats that the time can be shortened over a period of about 
20 minutes by injection of adrenalin, after which the coagulation time returns 
to normal. In several experiments they show no material change in coagulation 
time when no adrenalin was injected thereby demonstrating the correctness of 
their deductions and the accuracy of the method. 

In view of the additional references in which a method similar to the one 
I described was applied and further in view of the fact that hundreds of physi- 
cians report the satisfactory use of hemostatic agents which Hanzlik tested with- 
out finding them effective, it is fair to conclude that his methods or his technic 
were at fault. 

The remarkable properties of Hemostatie Serum (Hemoplastin) by virtue 
of which it shortens the coagulation time of the blood was first demonstrated 
clinically. It was not until several years afterward that this method was se- 
lected as a means of standardization. Other methods fail to show its effective- 
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ness because of the character of this agent. Its action is to change the character 
of the blood so that the coagulation time is shorter and not, as is the case with 
most hemostaties, a local action on the escaping blood only. 

Progress in scientific achievements is marked by improved products and 
improved methods. In the case of a new or improved product, the improvement 
being susceptible of clinical demonstration, it is not illogical to expect that 
a change in method may be necessary to demonstrate that value in the labora- 
tory. In the present instance the laboratory method selected for demonstrating 
the activity of the product is almost identical with the clinical use of the agent. 
When it is demonstrated that the clinician has been misled as to its value, then, 
and not till then, will it be logical to conclude ‘‘that Hemostatic Serum (Hemo- 
plastin) is inert * * * as a hemostatic in vivo.’’ 

Hanzlik’s more detailed description of his method of obtaining samples of 
blood throws considerable light on the peculiar results obtained. He says? (this 
Journal Nov. 1920, page 59) ‘‘A small seraffine clip was placed on the vessel 
central to the cannula. When the hemorrhages were made, the clip was loosened 
and 1 to 2 ¢.e. of blood allowed to eseape into small vials of 4.5 em. length and 
1.2 em. in diameter and with straight sides. Duplicate tests were made re- 
quiring the withdrawal of about 4 ¢.c. of blood at most into the vials plus the 
small quantity of blood left behind in the cannula * * *. In several in- 
stances it was possible to invert the vials without loss of contents almost imme- 
diately after completion of the hemorrhage or in about 10 seconds.’’ 

In his original communication he records a change from 9 min. for complete 
coagulation to 34 min. and one may assume that only 8 c¢.c. of blood was 
drawn. Is it probable that this small loss of blood would occasion so great a 
change in the rate of coagulation ? 

An unbiased observer would say that this change in coagulation time is 
due not to any change in the circulating blood but only in the escaped blood 
and further that this change is because the blood remaining in the cannula has 
liberated some of its thrombin and thrombokinase to the blood being drawn 
into the test sample thereby accelerating the clotting process. In addition to this 
is the effect of the seraffine clip which would undoubtedly compress the artery 
sufficiently to squeeze out some plastic lymph containing thrombokinase which 
adds still further to the acceleration in clotting. These details which as Hanzlik 
said ‘‘were omitted from our original paper, because we considered them suffi- 
ciently implied in the data given”’ are quite necessary to be known for otherwise 
one would assume that reasonable care had been taken to eliminate such obvious 
errors in technic. And indeed the results obtained by the author are entirely 
due to these technical errors. 

Care must be taken not to traumatize vessel used in obtaining the blood. 
Cannula or needle used in withdrawing blood must be perfectly clean and must 
be cleaned at each bleeding with saline solution. It is obvious that the condition 
of the cannula is of paramount importance in the tests since if allowed to remain 
in situ the film of blood adhering to its walls would liberate sufficient Kinase 
to accelerate the clotting processes at subsequent bleedings. In order to carry 
out the test in such a way as to minimize still further the effect of faults in 

















402 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


technic, I have carried out tests on horses the protocols of which follow. The 
method used was to insert a trocar with its cannula into the vein and obtain 
the blood by withdrawing the trocar allowing a quantity of blood to escape 
and be rejected before saving the sample for observations. 

The weights of the horses used were approximately 500-600 kilos. The 
samples of blood varied in quantity but were approximately 20 c.c. The tem- 
perature of the water-bath into which the tubes were placed was 38° C. Ob- 
servations were made at 1 minute intervals, the records being made by symbols,— 
1, 2, 3, 4, which indicate the extent of coagulation as it progresses from (-) 
when no fibrin shows to (4) which is a complete clot with no liquid blood in 
evidence. With this description of the technie the protocols seem to need no 
further explanation. 

No additional data on dogs—the regular test—are included at this time 
since the two previous articles’? (this JourNaL, June, 1920) and J. A. Ph. A. 
Feb. 1920) contain results typical of those obtained in testing 35 lots of Hemo- 
static Serum (hemoplastin). 

It should be noted here that the amounts injected into the horses were 
varied in order to find what dose is necessary to bring about a reasonable degree 
of shortening in the coagulation times of these animals, no previous work having 
been done on horses. While an insufficient amount of experimentation has been 
done to establish a dosage it is evident that 25 to 30 ¢.c. might be regarded tenta- 
tively as an average dose. 

The clinical results now extending over three years of time, the coagulation 
studies in men, (made not only by test tube methods, but also by the Biffi-Brooks 
coagulometer in which instance only four drops of blood are used at each study), 
the physiological testing on animals of thirty-five (35) different lots, and the 
studies made on horses and cows, the protocols of which are here appended, all 
uniformly show the activity of Hemostatie Serum in reducing the blood clotting 
time. We feel warranted in concluding that the activity of Hemostatie Serum 
in reducing the coagulation time of blood can now be regarded as a matter be- 
longing to the domain of established facts. 














] 2 3 a ) 6 7 8 9 10 minutes 
1:52 - - - 1 1 1 2 2 3 + 
1:57 - - 1 1 2 3 3 + 
2:05 - ~ 1 2 2 3 3 + 
2:16 - - 1 2 3 3 3 + 
2:18 Injected 25 e.c. Hemoplastin 054981 
2:52 1 2 t 
2:58 2 3 + 
3:02 2 4 
3:05 1 1 3 4 
3:11 1 3 


718 1 1 2 4 
Horse quite noticeably affected as shown by labored respiration and lassitude. 
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Horse No. 90. No INJECTION 


























Ce ee a ae 5 6 7  §S§ 9 10 °+&2«-111 ~~ minutes | 

_ 3:20 - 1 1 2 2 2 3. 3 #4 
3:45 “ - 1 2 3 3 3 
3:50 ~ - 1 2 2 3 3 4 
3:57 - 1 1 3 4 
4:04 - - - 1 1 2 2 3 4 
4:12 - _ 1 1 2 3 3 4 
4:18 - - - 1 1 2 3 4 
4:23 - - 1 2 2 2 3 4 
4:31 - - 1 2 2 3 3 3 4 
4:3 - - 1 1 1 2 2 3 4 
4:42 - -« 1 2 2 3 3 4 


No injection and no marked change in coagulation except in one instance. 














1 2 63 4 5.6lC«<sR“‘i‘C Ss 9 10 #411 ~~ minutes 

9:38 - - 2 1 23 28 - -. «= 

9:42 - - 1 1 2 3 3 + 

9:47 - - Z 1 2 3 3 4 

9:52 Injected 10 ec. Hemoplastin 054981 

10:39 - - 1 2 2 3 3 f 

10:51 - - 1 3 4 

10:56 1 2 3 a 

11:04 1 3 + 

11:08 1 2 3 a 

11:14 1 2 3 3 4 


There was no evident reaction other than the shortening of coagulation time 
from 8 min. to 3 to 4 minutes. 





Horse No. 1129 


“Yq 2 a... 5. 6 7 8S 9 10 #411 minutes” 
Le « « Soe Se! eee 

11:29 - - 1 2 2 3 3 4 
11:31 - - 1 2 3 3 4 
12:00 Injected 15 e.c. 

1:21 - 1 1 2 3 3 4 

1:27 - 1 2 2 3 3 3 4 

1:34 - 1 2 3 3 4 

1:42 - 1 2 2 3 4 

1:49 - 1 2 3 4 


No evidence of a reaction except the shortened coagulation time. 








Horse No. 72 


1 2 3 4 5 6 7 8 9 10 minutes 

~ 2:23 < - ££ ia = = x <<. 45> eee a 
2:28 - 1 1 2 2 3 4 

2:34 _ 1 1 2 3 3 4 

2:39 Injected 15 e.ce. 054981 

3:10 ~ 1 1 2 4 

3:15 ~ 1 2 3 4 

3:19 1 1 2 3 4 

3:23 ~- 1 2 3 4 

3:30 - 1 8 3 4 
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Horse No. 72 





7 8 ¢ minutes 





1 
3:38 ] 
3:42 1 
3:48 1 : 
4:00 1 2 3 

No evident reaction except a slightly shortened coagulation time. 





TRIXY 67 
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No evidence of a reaction other than the shortened coagulation time. 
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103% 
10:3: 
10:36 
10:- Injected about 15 ¢.c. Rx 054981 
11:16 - 1 é : 4 
11:23 3 
11:3 
ll: 
11:36 
als 
11:45 
“*Clotting interfered with at 4 min. This influenced the coagulation to such an extent that the 
reading is incorrect. Actual time 4 to 5 minutes. 
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EDITORIALS 


Biochemical Changes in Traumatic Shock 


REVIOUS to the World War it was generally held from experimental 

work that shock was due to deficient blood or fluid contents of the blood 
actually circulating in the vessels. The theory of splanchnic congestion held 
large sway. A most important study on the causation and pathology of shock 
was made by a special investigation committee, appointed by the British 
Medical Research Committee. Through their work we have acquired a much 
more complete picture of the process actually occurring. Attention has re- 
cently been directed not so much the physiologic changes as to biochemical 
reactions occurring in shock. As a result of investigations along these lines 
we can now hypotheecate quite clearly the various changes occurring during 
shoek. 

During the war shock followed trauma and was apparently increased 
by hemorrhage, pain, exposure to cold, mental distress and rough handling 
of the wounded. It was soon recognized that the low blood pressure could 
not be explained by a collection and stasis of the blood in the veins of the ab- 
dominal viscera. This was amply demonstrated in large series of abdominal 


operations. 
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Wallace in his report emphasizes the importance of differentiating be- 
tween primary shock which may be analogous to faint or collapse and which 
usually comes on immediately after the receipt of an injury, and secondary 
wound shock which usually does not occur until after the exciting causes above 
enumerated have had time to get in their effect. He suggests that primary 
shock may be the result of afferent impulses exhausting the vasomotor sys- 
tem, but that the information recently acquired concerning secondary shock 
indicates a toxic origin. The fact of its late development corresponds with the 
time required for the elaboration of the toxin. 

The most important phenomena observed early in the war and forming 
the basis of the new studies, were, first the fact that congestion of the 
splanchnic vessels did not occur; second, that there was no loss of fluid 
into the tissues sufficient to cause edema; third, that as shown by the vital 
red method a shocked man had a reduced blood volume, and fourth that 
the power of recovery was dependent to a great extent upon the power of 
cireulation to take up fluid from the tissues or to retain added fluid. Those 
eases of shock which still retained the ability to keep the blood diluted did 
well under treatment, while those in which this power was feeble or lacking, 
did not respond to therapeutic measures. 

Wallace points out that shock is usually the result of several factors 
such as hemorrhage, toxins, cold and anesthetics. It usually does not result 
from any one of these factors acting alone. A considerable loss of blood 
may be compensated by the drawing of fluid from the tissues into the vessels; 
or toxie products alone may be destroyed or excreted. But a combination 
of these two processes makes the work more difficult. Sometimes recovery fol- 
lows the combined action of even three factors, but if in addition operation is 
required and an anesthetic with its toxie features is superadded, the result 
may be fatal. 

The work of Crile and others has suggested that shock is due to failure 
of the vasomotor mechanism. But Malcolm, Henderson and Mann and others 
have shown that the vasomotor center is active during shock and that the 
defective filling of the heart is due rather to a reduction in the volume of 
cireulating blood. This reduction appears to be due to a loss of plasma from 
the blood. Such a loss has been explained in shock following etherization by 
the fact that toxic damage to the eapillary endothelium renders it abnor- 
mally permeable. 

Dale, Laidlaw and Richards, have produced shock experimentally by the 
intravenous injection of histamine. Histamine when administered paren- 
terally produces symptoms similar to those following injection of the protein 
poison described by Vaughan and as stated by Vaughan is probably quite 
similar in its chemical constitution. 

When injected in small amounts the drug produces a lowering of the 
blood pressure, apparently due to simple vasodilatation. In larger amounts 
it causes in the experimental animal a typical shock-like failure of the circula- 
tion, with arterial constriction, oligemia, concentration of the blood, and 
failure of ecardiae output. In animals, shocked with histamine the blood does 
not accumulate in the large arteries or large veins, nor in the liver or spleen. 
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There develops a much higher concentration of red blood cells in the blood 
than before the advent of shock. This change is due apparently to the passage 
of some plasma out of the vessels into the tissues. The loss of plasma in some 
cases amounts to as high as 50 or 60 per cent of the original plasma volume, or 
10 per cent of the entire blood volume. In addition blood accumulates in the 
venules of the intestines and presumably also in those of the skeletal muscles 
and elsewhere. The arteries however, even down to the smallest arterioles 
remain consistently constricted. Dale and his associates believe that the 
most important early phenomenon occurring in shock is the tendency of the 
blood to accumulate in the capillaries and that the essential cause of the con- 
dition is a general loss of the normal tonus of the capillary walls. It is a 
fact that normally only a small portion of the eapillary net work of the 
body is functioning at any given time. Many capillaries are entirely collapsed. 
Following a eall for increased blood volume to any particular tissue the eapil- 
laries in that tissue dilate, thereby producing a local increase in blood flow. 
[he authors suggest that under the influence of a large dose of histamine the 
capillary tone is lost throughout the body, the whole of the potentially avail- 
able capillary bed becomes simultaneously patent, and the blood percolates 
into the network of channels as water into a sponge. In this type of shock 
the rapid diminution of outflow from the organs into the veins causes a fall 
in venous pressure. The heart is then not filled in diastole and its output 
rapidly declines. The arterial pressure declines but this is delayed slightly 
by arterial constriction in the peripheral vessels. In animals shocked with 
large doses of histamine there is added to this the passage of plasma through 
the vessel walls into the tissues following damage to the capillary endothelium. 

The investigators point out that the phenomena of local inflammation 
are of the same nature as the general changes seen in shock; abnormal per- 
meability of eapillary walls, transudation of plasma, concentration of the 
blood by loss of plasma and stagnation in dilated eapillary channels. 

Dale, Laidlaw and Richards point out that shock usually follows extensive 
tissue damage, as laceration of muscles, liver or intestines and that decom- 
position products are known to be formed in the body-tissues having an action 
of the so-called ‘‘histamine type.’’ 

Dale in studying the results of the combined action of histamine and 
anesthetics, found that while relatively large doses of the poison alone can 
be tolerated by the experimental animal, much smaller doses cause fatal 
shock in animals which have previously undergone a prolonged ether anes- 
thetization. A conspicuous feature of the histamine shock in an anesthetized 
eat is the rapid concentration of the blood by loss of plasma and the asso- 
ciated stasis in the capillaries. He assumes that one factor in the reduced 
tolerance to histamine produced by ether is a weakened resistance of the 
capillary endothelium. This weakening once produced persists for some 
time after removal of the anesthetic. The loss of plasma is less conspicuous 
following hemorrhage than following ether administration. 

Dale, Laidlaw and Richards, while hypothecating the very interesting 
theory of histamine shock, admit that they have been unable with the tech- 
nie at their disposal to demonstrate a local dilatation of the capillaries as a 
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result of histamine application. This should be the first step in the ‘testing 
out of their hypothesis. Rich, working in the pathologic laboratory of Johns 
Hopkins Medical School has supplied the missing evidence. After perfect- 
ing an ingenious cabinet in which to examine experimental animals, he ex- 
amined the omentum, left in the abdomen but placed on the stage of a 
specially constructed microscope. He observed the capillaries both before 
and after the local application of histamine di-hydrochloride and found no 
change in the size of the capillaries or in the rate of flow through them. 
Nor did he find that any additional capillaries opened up which had not been 
visible before the application of the drug. He next observed the omentum 
in the same manner before and after the production of shock by intravenous 
injection. Here he demonstrated a pronounced slowing of the capillary stream 
accompanying the fall of blood pressure, but no widening of the capillary 
bed. Next he applied strong irritants locally and in the same manner as 
he had applied the histamine. He again obtained negative results. 

Rich later proved that even the moderate manipulation required to place 
the omentum on the stage of the microscope was sufficient to produce dila- 
tation of the eapillaries, so that even in his controls the condition for which 
he was searching had already occurred. This was accomplished by opening 
the abdomen and flooding it with a fixing solution, removing the omentum 
and examining it after staining, under the microscope. This process was 
earried out before and after manipulation of the omentum and again after 
the local application of histamine. He coneluded from these studies that 
handling of the omentum opens the normally collapsed capillaries, either 
by causing a loss of tone or by stimulating them to dilate. Local application 
of normal salt solution did not affect the capillaries in any way, but histamine 
applied locally produced markedly dilated tortuous capillaries engorged with 
blood. There was also an absolute increase in the number of visible eapil- 
laries. The dilation was not confined to the eapillaries but ineluded the 
smallest arterioles and venules at the periphery of the capillary bed. That 
the local application of the poison gives only a local reaction is shown by 
the taking of blood pressure tracings during the experiment. The pressure 
was maintained at a constant normal level. 

Rich next examined the fixed tissues of the omentum, after producing 
histamine shock by intravenous injection. The capillaries and smaller arteri- 
oles and venules of the shocked animal were definitely dilated and engorged 
with blood, while many occult capillaries had been opened up. In this way 
he demonstrated that a widespread peripheral vascular dilatation occurred 
of such a degree as to seriously impair the circulation. Control animals did 
not react in this manner. 

In the experimental shock thus produced there was a fall in blood pres- 
sure corresponding to the dilation of the peripheral capillaries. The dilata- 
tion began within 15 seconds after injection and there was no recovery from 
this dilatation even at the time of the secondary rise in blood pressure. This 
secondary rise has been ascribed by Dale and Laidlaw to a constriction of the 
pulmonary arteries. Rich also confirmed the observations of Dale and Laid- 
law regarding the excellent functional condition of the heart in histamine 
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shock. Death during shock was always due to respiratory rather than cardiac 
failure. The inadequate venous return to the heart was also observed. 

Thus Rich has confirmed the work of the other investigators and has 
carried our knowledge one step further. 

The amino-acid histidine is one component of practically every body pro- 
tein. Histamine is derived from this amino-acid by decarboxylization. Com- 
parison of histamine with Vaughan’s protein poison shows striking similarities. 
The latter also is present in all body proteins. Typical anaphylactic shock 
can be produced by either substance. The symptoms and pathologie findings 
are practically identical. Vaughan writes, ‘‘With our poison histamine 
seems to agree closely. Both induce bronchial spasm and distension of the 
lungs in guinea pigs and cause prompt and marked fall in blood pressure in 
dogs. Neither destroys the coagulability of the blood. In the purest form 
in which we have obtained it, our poison kills guinea pigs intravenously in 
doses of 0.5 mg. and this is the fatal dose for histamine. When the active 
agents in our crude poisons are isolated we shall not be surprised if histamine 
or some closely allied body is among them.’’ 

Bayliss and others have shown that acidosis is not the cause of traumatic 
shock. The intravenous injection of solutions of sodium bicarbonate have 
only a brief effect in raising the blood pressure and if small doses are given 
during the development of shock, they have no power to prevent its appear- 
anee. The injection of lactic acid during the state of shock from muscle 
injury does not in any way exaggerate the condition and in some cases has 
been found to benefit it by raising the blood pressure. Lactic acid is there- 
fore not the causative agent. Nor are other acids as such the causative agents. 
Bayliss concludes that some other substance produced by tissue disintegration 
must be responsible and he turns to histamine or some related compound 
to explain the condition. 

He found through experimental investigation that the blood pressure can 
be permanently restored by gum acacia solution injected intravenously. Also 
the development of shock from even very severe muscle injury could be pre- 
vented by repeated small injections of gum, as the blood pressure fell from 
time to time. He found it quite effective as late as five and one-half hours 
after the injury provided the blood pressure had not been so low as to cause 
paralysis of the nerve centers. Bayliss concludes that the toxie products 
ean be removed or destroyed as quickly as they pass into the blood current 
if the volume of blood is kept sufficiently large to ensure a good circulation 
and supply of oxygen to the tissues. Whether the toxic products are oxi- 
dized as is lactic acid or whether they are rendered harmless by passing 
through the liver is unknown. He points out that histamine disappears very 
rapidly from the circulation if the circulation is effective. He further states 
that in shocked soldiers in which there was no evidence of much hemorrhage there 
was permanent improvement following the intravenous injection of gum so- 
lution. 

Cannon and Bayliss have shown that extensive muscle injury in the ex- 
perimental animal will result in a fall of blood pressure and the symptoms 
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of shock. Also that massage of the damaged tissue increases the condition of 
shock. They point to the analogy in the case of traumatic shock in men. 

Cannon showed that traumatic experimental shock was not due to nervous 
stimulation, by producing the condition in animals by damage to the muscles 
after preliminary severance of the cord in the lumbar region. He produced shock 
in eases in which the nerves to the limb traumatized had previously been severed 
at the point of their emergence from the pelvis. Finally he showed that shock 
was not produced even though the nerves were intact, when the blood vessels lead- 
ing from the damaged limb were previously ligated. If the blood vessels were 
subsequently opened and the blood was permitted to flow in and out of the 
damaged region as long as 33 minutes after the trauma, shock appeared. Lastly, 
if after shock had been established the blood vessels to the injured leg were 
ligated the symptoms of shock soon commenced to disappear. 

It is of considerable interest to compare the preceding observations with 
those made by MeNee and his associates in the treatment of wound shock in 
soldiers. The phenomena which they attempted to combat were first the lower- 
ing of the body temperature, second the lowering of the blood pressure, and 
third, the diminution of the blood volume. The two latter were treated by 
either transfusion of blood or by the injection of gum salt solution intrave- 
nously. The dramatic effects with blood transfusion were not seen following 
infusion with gum salt. The difference is however superficial, due to the fact 
that with blood the man loses his ashen hue, the face and lips redden and the 
man’s general appearance alters completely. With gum solution, the red cor- 
puseles being absent, there is no such objective change and the observer must 
look deeper than the skin for evidences of improvement. Above all he must 
watch the blood pressure. It was the ease of hemorrhage combined with not more 
than a very moderate degree of shock which constituted the successful cases. 
Those cases with severe shock and little hemorrhage did not respond nearly so 
readily to treatment. Administration of sodium bicarbonate intravenously 
never resulted in any apparent benefit. An observation of striking signifi- 
eance was the fact that in those cases severely shocked there was usually 
very extensive injury to muscle tissue. When the wound consisted of a 
severe laceration of a limb it was sometimes possible at the height of the im- 
provement to perform a very rapid ‘‘guillotine’’ amputation. This operation 
was commonly followed by a remarkable and maintained improvement. Oc- 
easionally the application of a tight tourniquet above the site of the muscle 
injury produced similar good effects. 

Another correlation between the experimental findings and the observa- 
tions in wounded men was made by Keith, who studied blood volume in 
wound shock. He found that in individuals who had undoubtedly lost a con- 
siderable amount of blood the red corpuscles and hemoglobin estimation fre- 
quentiy closely approximated the normal. In cases of extremely severe primary 
hemorrhage, the reduction in corpuscles and hemoglobin percentage was strik- 
ingly small in view of the actual amount of blood lost. The red cell content 
per volume of blood appears therefore to be of less importance in shock than 
is the total amount of the circulating blood. Studying this latter factor Keith 
found that the total blood and plasma volume were consistently reduced, thus 
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explaining the anemic condition of the patient in spite of a relatively high 
blood count. He also showed that the lessened blood volume bore a definite 
relation to the severity of the clinical symptoms. In a patient with distinct 
symptoms of shock the blood volume ranged from 51 to 85 per cent of normal 
and there was a corresponding reduction of plasma. 

That this deficiency of blood was not due entirely to loss of blood from 
hemorrhage but that other factors played an important part is indicated 
by the fact that donors for transfusion who frequently lose as high as 800 
e.c. of blood do not suffer from the same symptoms. In fact Keith found 
that in these latter the blood volume frequently returned to normal within 
one hour’s time. Even withowt hemorrhage shock may be accompanied by 
a fall of blood volume. This is not accompanied by a fall in hemoglobin, 
but the hemoglobin percentage rises. Thus a rising hemoglobin in shock 
indicates a bad prognosis. The loss of plasma results in a concentration 
of red cells and of hemoglobin. There are other factors in the production 
of the low blood volume observed in wound shock than the actual amount of 
blood lost. 

Keith studied the reaction during the injection of six per cent gum acacia 
solution, a mixture having the same viscosity as whole blood and the same 
osmotie pressure as plasma. This solution frequently gave results entirely 
comparable to those following transfusion. In eases recovering after injection 
of gum solution there was always demonstrated an actual increase in plasma 
and in total blood bulk. In those cases that did not respond to vigorous 
treatment with gum solution, the trouble appears to have been due to an 
inability of the vascular system to retain the added fluid. Thus in one ease, 
one hour after 1000 ¢.c. of gum solution had been injected the increase in 
total blood volume was only 200 ¢.c. Autopsy in those eases failing to react 
frequently showed markedly edematous lungs and subcutaneous tissues. 

White and Erlanger have experimented with the intravenous injection 
of gum solution and glucose in shocked animals. The solution used con- 
sisted of 18 per cent glucose and 25 per cent gum acacia. They found that 
in shock the concentration of the protein in the plasma was not appreciably 
changed and assumed therefrom that in shock the permeability of the vessel 
walls was increased. After injection of the solution the blood volume in- 
creased from the shock level and continued to increase to even above the 
initial normal level. After this it again fell off gradually until at the end 
of seven hours it reached approximately its initial level. 

Regarding the plasma protein it had been found as stated that the concen- 
tration under shock was practically unchanged from the normal concentra- 
tion, but that the absolute amount of plasma protein was greatly diminished 
to correspond with the diminution in blood volume. With the increase of 
blood volume following injection the absolute amount of protein increases 
definitely but not as rapidly as does the volume. In other words the fluid 
drawn in is not so rich in protein as is the plasma but neither is it protein 
free. When the blood volume subsequently begins to fall away the protein 
continues to increase even while water is passing back out of the vessels. The 
protein concentration rises faster than the plasma volume falls. White and 
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Erlanger suggest as an explanation that when the injection is being given 
the fluid drawn in brings with it protein through the abnormally permeable 
walls but in lowered concentration than it occurs in plasma. Then as the 
blood pressure rises the circulation improves and lymph flow is reestablished. 
The lymph flow from the liver and intestines is probably accelerated to a 
greater degree than from the extremities. As the circulation to these organs 
is improved, the normal lymph flow is reestablished and the lymph earries 
back into the blood stream through the thoracie duct the plasma protein which 
has accumulated in the tissue spaces of the liver and intestines, during the 


induction of shock. Thus protein is entering the blood stream even while the 


> . 


blood volume is falling. 

The work of White and Erlanger on normal and shocked animals in- 
dicates that the hypertonic glucose solution first draws fluid into the vessels 
and that as the sugar rapidly disappears from the blood the fluid is retained 
in the circulation by the gum acacia solution. 

Aub has recently studied the basal metabolism in shocked animals. He 
finds that experimental traumatie shock eauses a marked fall in the rate 
of basal metabolism to 70 per cent of the original level. The degree of 
fall is dependent upon the severity of the shock produced. Shocked in- 
dividuals not only lose heat rapidly by sweating but they also fail to pro- 
duce sufficient heat to keep themselves warm. Recovery from shock after 
blood transfusion is usually associated with a prompt return of the metabolic 


rate to a normal level. As an explanation for this fall in metabolic rate 


Aub and Cunningham find a markedly diminished oxygen content of the 


venous blood. This change occurs before the blood pressure falls to a shock 
level and is still present after apparent recovery from shock. The blood 
flow is also greatly decreased in the development of, during and after shock. 
They suggest that the anoxemia of the tissues may be the cause of the de- 
creased metabolism. The decreased blood flow and the reduced oxygen con- 
tent of the venous blood results in a secondary fall in metabolism. The blood 
flow becomes markedly slowed before the onset of a shock level of blood 
pressure and the metabolism does not fall until later. 

They point out that a vicious circle is formed. As an oxygen want de- 
velops in contracting muscles, many empty eapillaries fill with blood. This 
stage reduces the distance necessary for the diffusion of gases into the tis- 
sues. Thus as anoxemia develops the capillary bed increases in volume. 
This further decreases the already slow blood flow and the siower the flow 
the greater becomes the oxygen consumption per cubic centimeter of blood. 
This produces a decrease in oxygen content of the venous blood. 

Aub and Wu in investigating the chemical changes in the blood during 
shock, found that animals with marked muscle trauma but without true 
shock, showed only slight changes in total nonprotein nitrogen, urea, creatin 
and sugar in the blood. All of these constituents increase as shock develops 
but this was especially true of the creatin and the sugar. The marked rise 
in ereatin is direct evidence of the presence in the blood of products of muscle 
necrosis and therefore suggests that the theory of the chemical causation 
of traumatie shock is probably the correct one. The rise in blood during shock 


is not entirely explained. 
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Keith outlines a method to be used in combating traumatie or sur- 
vical shock, based upon the foregoing theory of causation. He divides 
clinical eases into three groups. First the ‘‘ecompensated’’ cases. In this 
type the patient has no special symptoms except pain at the location of 
the wound and feeling of general weakness. The pulse is inereased to 90 
or 110. The systolic blood pressure remains above 110 and the blood vol- 
ume is never reduced below 80 per cent. The treatment in this type con- 
sists of rest in a warm bed and if symptoms of failing compensation appear 
during or after operation, the administration of gum solution in 500 ee. 
amounts. Saline by rectum may be given either by continuous drip or by 
injections of 400 ¢.c. every two hours. 

The second group designated ‘‘partially decompensated,’’ consists of 
those in which the pulse rate is between 120 and 140 and difficult to count, 
the systolie blood pressure is below 90, usually 70 to 80, and the blood volume 
ranges between 65 and 76 per cent. The patient is usually vary pale, restless, 
thirsty and vomits readily. The extremities are cold and partially anesthetic, 
to painful stimuli. The management is more difficult. The application of heat 
is important. If after one or two hours the pulse is not improved, fluid 
should be administered either by rectum or by gum solution, 500 ¢.c. amounts 
intravenously. This should be checked by hemoglobin estimations. <A rising 
hemoglobin after intravenous administration is of bad prognostie significance. 
The pulse and blood pressure readings are rey orted at half hourly intervals fol- 
lowing the infusion. If improvement is only transient a second infusion of gum 
may be administered and is frequently followed by steady improvement. If 
even after this the patient does not improve, blood transfusion should be 
given a trial. 

The third group of ‘‘unecompensated’’ cases are those in which the pulse 
cannot be felt and the blood pressure has fallen below 60 mm. mercury. 
The heart rate is found on auscultation to be 120 to 180. Some eases have 
a heart rate below 100 but this is almost invariably a terminal phenomenon. 
The blood volume is below 65 per cent of the normal. The patient is in an 
He is restless, very thirsty and vomits imme- 


extremely serious condition. 
The extremities are very cold to touch. The 


diately on being given fluid. 
pulse cannot be felt. In this third group infusion of gum solution and even 
transfusion of whole blood are as a rule without avail. 

The gum acacia solution used by Keith consists of 6 per cent solution. 
It may bé advisable to try the concentration used experimentally by White 
and Erlanger consisting of 18 per cent glucose and 25 per cent gum acacia. 

The experiments of Aub and his co-workers suggest that the vicious 
eirele of anorexia should be combated with plenty of fresh air or the ad- 
ministration of oxygen. 

During the war when eases of shock requiring treatment were very 
numerous, the availability of gum acacia solution rendered its use highly 
desirable. But in peace time eases of shock are usually single and usually 
there is ample opportunity for obtaining sufficient whole blood for the trans- 
fusion. There have been many cases in which gum acacia even when used as 
outlined by Bayliss has been without avail. This of course is also true of 
blood transfusion, but apparently less frequently. It appears that trans- 
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fusion is the method of choice whenever practicable. Whole blood may be 
used or if transfusion is repeated frequently, blood plasma without the ecor- 
puscles may be used. 

There is considerable difference of opinion as to whether direct trans- 
fusion or indirect, with the use of sodium citrate, is to be preferred. A great 
disadvantage of the latter method is that in a very high proportion of cases so 
treated a reaction occurs in the form of chill and frequently fever. In some 
eases the added burden of this reaction might be sufficient to determine a fatal 
issue. With the most painstaking administration one is never entirely sure 
whether or not citrated homologous blood is going to produce a reaction. 
Direct transfusion, when correctly performed is free from this disadvantage. 

Stimulation of the heart with digitalis preparations or the vasomotor 
system with strychnine appears not to be indicated by the evidence. 

Ether anesthetization certainly predisposes to shock. When there is 
danger of shock gas oxygen or local anesthesia should be used if possible, or 
a minimum of ether should be administered. The abundant administration 
of fluid by mouth in pre-operative cases is strongly indicated by the experi- 


mental evidenee. It may be that at some future time some substance will 


be discovered which will neutralize the poisonous action of the hypothetical 


histamine-like body. 
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